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To determine definitely the electrical resistance of cast 
weld joints under various conditions with and without 
bonds, Wm. Wharton, Jr., & Co. kindly poured two 
joints around two pieces of g-inch girder rail each 3 feet 
long. One joint was provided with flat copper bond made 
up of two pieces of copper, 4x 54 x4 inches, securely con- 
tacted with the rail web upon each side of web, with iron 
plates 6 x 64 x $ held by four { x 2} bolts, as shown in fol- 
lowing sketches, Figs. 7, 2 and 3. 

The cast weld joints were poured, having the general 
dimensions as shown in sketch, Fig. 4, two of the fish plate 
holes showing. The Weston milli-voltmeter was connected 
24-inch centers upon head of rail, or 12 inches each side of 
joint. 
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The method of testing adopted was to obtain the drop 
in voltage or difference in potential around the various 
joints, the milli-voltmeter connections made upon 24-inch 
centers. The resistance in ohms of 24 inches of solid rail 
section was first obtained by measuring the drop in volts in 
18 inches and reducing it to 24 inches. Weston instruments 
were used. 


| 
Fic. I 


IS 


Fic. 2. 


FIG. 3a. Fic. 34. 


The contacts of the milli-voltmeter were made through 
contacts made with Edison-Brown alloys. The resistance 
of the solid rail was used as a basis of comparison. 

The tests were made by placing the rail with its joint in 
series with an ammeter, circuit breaker, switch and water 
rheostat and taking readings of the drop in milli-volts at 
each reading of current in ampéres as shown upon ammeter. 
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The foregoing diagram of circuit connections will show 
clearly the simplicity of the method employed, Fig. 5. 

Herewith is a table of tests, with calculated results, show- 
ing resistance of 24 inches of solid rail: 


RESISTANCE 9 INCH GIRDER RAIL. P.S. CO. SECTION No. 200. 


Ampéres. Volts. Ohms, 18 Inches. Ohms, 24 Inches. 
40 "00060 | “000015, “000020 
45 "00070 “000015 009020 
50 “00080 000016 *000021 
60 “00090 *000020 
70 “00100 "0000143 "000019 
80 “000015 "000020 
go “0014 *000015 *000020 
100 “0016 *co0016 | “000021 


Average resistance 24 inches = ‘00002 ohm. 


Nots.—The above readings were calculated to compare with 2 feet of rail resistance, 
to compare with joint tests, which were made upon 18-inch basis. 


Herewith is table of tests, with calculated results, show- 
ing resistance of a plain cast weld joint upon ag-inch girder 
rail. Section No. 200, P. S. Co. 

WITHOUT BOND. 


Ampéres. Volts. Ohms. Remarks. 

30 “0008 "000027 

35 *0009 “000026 

40 “0010 "000025 

45 “000024 

50 | “0013 *000026 
55 “0014 “000025 — 
60 “0016 *000026 

65 "000026 

70 "0019 *000027 

75 "0020 "020026 
100 | 000027 


Herewith is a table of tests, with calculated results, show 
ing resistance of cast weld joint with plates contacting with 
each side of rail, as shown above, as per sketch No. 1: 
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JOINTS WITH BONDS. 
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Ampéres. Volts, Remarks. 


Herewith is a table of tests, with calculated results, show- 
ing resistance of plain cast weld joint, supplemented with 
one complete “Bryan” bond 24-inch centers around the out- 
side of joint. The Bryan bond consists of two 4/0 B. &S. 
gauge copper wire held between curved surface of bronze 
and malleable iron castings, the bronze casting contacting 
with a corrugated copper disk, which, in turn, contacts with 
a ground surface of rail web, all contacting surfaces being 
treated with Edison-Brown alloy. 

The actual area of contact made by the Bryan bond upon 
the web of rail is difficult to determine, owing to the corru- 
gation of the copper disk, although the plentiful use of 
Edison-Brown alloys would indicate a complete contact. 


Ampéres. Volts. Ohms. | Remarks. 
40 *00070 *000017 | 
50 *900g90 “000018 
60 e000 18 
70 ‘0013 ‘ocoo18 
80 
90 "0017 “000018 
100 “0019 “000019 


3 
30 *0012 000040 
35 “0014 “000040 
40 “0016 *000040 
45 ‘0018 "000240 # 
50 ‘0020 “000040 
Av resistance a 
60 "0024 #000040 
65 *0026 “000040 
70 0028 000040 
75 *0030 "000040 
100 "0040 "000040 
\g 
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A plain cast weld joint was taken and a hole 4 inch in 
diameter by { inch deep was drilled between the bottom 
rail ends down to the cast weld, as shown in following 
sketches, Figs. 6 and 60. 

The metal was so hard the drill would hardly cut it; the 
drill was run, using soda water as a lubricant. The hole was 
cleaned out and thoroughly amalgamated with Edison- 
Brown alloys, and finally filled up to the surface with Edi- 
son-Brown flexible solder. The result of the test, showing 


the drop in voltage and ohmic resistance, is shown in the 
following table: 


Ampéres. | Volts. Ohms. Remarks. 
| 
30 “0006 "000020 
40 | "0009 *000022 
50 "000022 
60 "0013 *000022 Average resistance — 
“cocoa! ohm. 
70 ‘0016 000021 
80 ‘0018 000022 
go 0020 000022 
100 10022 020022 
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The plain cast weld joint was again taken, the amalgam 
removed from hole and a piece of sheet copper 30 inches 
long by 4 inches wide by 4 inch thick with two 1,4-inch 
holes punched therein was placed to go around the cast weld 
joint and contact with the rail web in the same holes that 
the test had been made previously, with the Bryan bond 
upon 24-inch centers, the contacts were thoroughly amalga- 
mated with the Edison-Brown alloys. 

Washer plate 4 inches square was used with 1-inch 
bolt and lock washer to hold each of the two ends in form 
and positive contact with the rail web. 
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Herewith is a sketch of the connections and form of 
bond, Fig. 7. 

The area of contact upon each of this bond is 15 square 
inches. 

Herewith is table showing the results of the ohmic 
resistance and voltage. 


Ampéres. | Volts. Ohms. Remarks. 
30 ‘0004 “000013 
4° “0006 
50 “0008 “000016 
60 ‘0010 “000016 Average resistance — 
‘000016 ohm. 
70 “00128 “000017 
80 “00130 “000016 
go “00150 “000016 
100 “00160 “000016 
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CAST WELD JOINT ELECTRICAL TESTS. SUMMARY OR COMPARISONS OF 


TESTS. 
} 
PERCENTAGE COMPARISONS OF RESISTANCE 
OF EACH TEST WITH THE RESISTANCE OF 
SOLID RESISTANCE, 
Test. Ohms, 
| Per Cent. Less Per Cent. Greater. 
Plain castweld ....+., | "000026 30 
Cast weld with copper con- 3 
Plain cast weld with % x %) 
Edison- Brown alloy plug 
Plain cast weld with 30-inch 
x 4-inch x \%-inch sheet “000016 20 
copper outside . 4 | 
{ 


Herewith is a copy of a letter from Messrs. Wm. Whar- 
ton, Jr., & Co. as to the composition of the cast iron in the 
joints : 


PHILADELPHIA, June 3, 1898. 

Subject—Recomposition of iron in test joints. 

Mr. W. E. HARRINGTON, 
General* Manager Camden and Suburban Railway Company. 

DEAR Str:—Referring to the matter of the composition of the cast weld 
joints made for your experiments day before yesterday, we beg to say that 
the joints were run in with other work, and no record was kept of what heat 
they were taken from, but to the best of our judgment the following would 
be the result of an analysis of this metal: 


2°25 


Trusting this will answer your purpose, we remain, 
Very respectfully, 
WM. WHARTON, JR., & Co., INCORPORATED, 
(Signed) A. B. KIBBE, 
Engineer of Construction. 


June, 1900. | 
TRACK TESTS OF JOINTS. 


Various attempts were made to test joints in street by 
using a water rheostat and making connection to overhead 
trolley, assuming that current would flow through joint 
either from or tothe power station according to the manner 
the power station is connected. 

The results obtained from this method were of such a 
variable character as not to be depended upon, owing to 
the uncertainty of the amount of current flowing through 
the joint. 

The only tests which gave correct results, under the 
above conditions, were those made upon the last joints at 
extreme ends of line. 

In this connection it is interesting to note the tests made 


| 
+ 


under the latter condition upon 7-inch girder rail, Pennsyl- 

vania Steel Company’s Section No. 238, with an eight-bolt, 

26-inch fish plate, using Ajax bond, as per sketch, Fig. 8. 
Herewith is schedule of tests: 


Ampéres. Volts. 


| Ohms. 
| 

20 "0004 "00002 
30 | *0006 “00002 
40 | *0008 ‘00002 
50 “0010 *00002 
60 “0012 ‘00002 
70 0014 (00902 
80 “0016 "00002 
go *oor8 00002 
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The above tests were made with the Weston milli volt- 
meter connected upon 24-inch centers. 

The remarkably good results obtainable from the use of 
the large, broad area of contacts in the sheet copper bond 
employed around the cast weld joint emphasized the cor- 
rectness of the use of the sheet copper contacts for bond- 
ing purposes under fish plates, when such construction was 
used. 

Various bonds were made up to suit the requirements 
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of different rail sections, fish platesand drillings. Herewith 
are dimensional sketches of several sizes: 

Ajax bond for 7-inch girder rail, Cambria Iron Company's 
section No. 824, under 26-inch-long fish plates, staggered 
bolts, Fig. 9. 

Ajax bond for 7-inch girder rail, Pennsylvania Steel 
Company’s section No. 238, under 26-inch fish plate, six 
bolts, Fig. 70. 


a’ 
te 


June, 1900.) Cast Weld and Surface Contact Bonds. 4tt 


Ajax bond for g9-inch girder rail, Pennsylvania Steel 
Company’s section No. 200, under 32-inch fish plates, twelve 
bolts, Fig. 17 ; also Figs. 116, 11¢, 11d. 

The Ajax bonds, as illustrated above, consist of a piece 
of copper pressed against the abutting rail ends through 
the medium of cupped 4-inch set screws bearing against a 
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Fic. 11¢d—Special form illustrating Ajax Bond. 


thick superimposed piece of steel to divide and distribute 
the pressure. 

The rail is ground off, exposing a clean metallic surface, 
and then treated with any practicable mercuric compound 
to amalgamate the rail to prevent oxidation. 

Repeated tests were made upon the above sizes, and the 
average of the results is shown in the large schedule of 
tests. 
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The conclusion to be drawn therefrom is quite interest- 
ing. It shows that the ohmic resistance is quite compar- 
able with the resistance of the rail section itself, and, if 


Size of B. & S. = 
Kind of Bond. | | Gontact. | Gauge. | | Ohms. 
| sia On 
Joint only, no bond 36” a” | ‘00071 
Tron channel pin 36”| 45” 48” fs” pin ° I *00049 
| 
Bryan iron wire 36” 36" | 39” 2 | 000286 

2 Crown 36”) 30” | 36" | i" head 0000 1 "000247 

Bryan iron wire, {Plate 2%" dia 

3 Crown, amalgamated 36” 30” 36” head 0000 1 “000185 

| | ” Ai 

Bryan copper wire 396” 39” it } 0000 2 | 000175 

Columbia 36”) 30” | 36” | %" head 0000 | 000131 

| 

§ Columbia, amalgamated 36”| 30” | 36” %" head 0000 1 | ‘000126 

3 Stranded crown %" head 0000 1 

| 

® | Plastic socket 36”, 3%” | | | *000093 

& Bryan copper wire, | §\Plate 2%” dia. 

36" 36” 39” { 1” hole in it } 
Plastic cork 36”) 9” | Surface | 

Ajax bond 24" 24” | 8%” | 8% sq. ins. {| section I | ‘000041 
| | | | | 

| 

Solid rail, no joint a4" ag” | | | "000024 

we Joint only, no bond 24” ag” | 0015 

Ajax bond a4” 24” | | 

= 
Solid rail, no joint 24”, 24” *000035 
[Double Ajax 24% 30” | "00004 
solid rail, no joint 24” 30” | “000035 
£1; Ajax bond 24" 24” “000051 

3 Solid rail, no joint 24” 24” | | "o00044 

24” a4” | | 


& \solid rail 
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double bonding be employed, the resistance can be made 
less than rail resistance with far more certainty of result 
than that obtainable from any of the types of bonds ex- 
panded in the holes in foot or web of rail. 
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The features in the bond are such that they commend 
themselves at once, owing to ample and liberal contacts, 
adjustable means for renewing contact, the knife blade 
switch type construction and the absolute freedom from 
the inevitable loss or breakage, with consequent “scrap- 
ing” of bonds, so frequent in all the other types employed. 

The writer has found that the total cost from placing 
the sheet copper bonds has always been less than placing 
the other makes. 

The large rail manufacturers have always finished the 
fish plates properly drilled and tapped ready for placing 
the bonds. 


Herewith is a schedule of tests made upon different 
bonds, and in each instance is the average of large num- 
bers of tests: 

Figs. 18, 18b, 18c, 18d, 18e illustrate the most recent form 
of Edison-Brown bond located under fish plate, but depend- 
ing upon the Edison-Brown alloys for contact. 


CONCLUSIONS, 


(2) The cast weld joint alone has a resistance 30 per 
cent. greater than the solid rail section. 


— 


rom 


! 


| 

FIG. 12. 
= 
= 


414 Harrington: (J. F.1., 


(6) The use of sheet copper, as furnished by the Ajax 
Company, makes the combined resistance 20 per cent. less 
than the solid rail section. 

(c) Where the cast weld joint is not employed and the 
usual fish-plate form of construction adopted, the flat sheet 
surface contact form of bond, known as the “Ajax,” makes 


WYN 


the most efficient type of bond, both electrically and me- 
chanically, making resistance only slightly more than the 
rail section against the other types of bonds, as shown on 
table of tests, whose resistance runs from three to four times 
more. 

General.—The trend of practice has been during the last 
year or two to use a form of bond to be placed under the 
fish plate, instead of around the outside of the fish plate. 
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In the types which have heads riveted or expanded into the 
rail the leads are made flexible to provide for rail movement, 
caused by expansion and contraction and vertical movement 
of rail following the passage of cars over joints. 

Herewith are shown cuts illustrating some of the types 
most frequently used, Figs. 13, 14, 75 and 76. 

As mentioned above, tests have demonstrated that the 
bonds making superficial contact with the web of the rail 
instead of contacting with the side of a hole through the 
web are the most efficient and economical design. 


Fic. 17—The Conant rail-joint testing instrument. 


There is a battle royal raging between the exponents of 
the hole type as to what constitutes the best method of pre- 
paring the hole and placing the bond. 

One concern punches out the hole with a hydraulic press 
and places the bond head in the rough irregular hole and 
expands the bond head by similar means in the hole, whilst 
an engineer in New York goes so far as to drill the hole, 
then ream, followed by. pressing hardened steel balls, 
through a hole in bond in order to provide an accurate fit. 
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Testing.—As to testing rail bonds, practical tests after 
rails and bonds are placed are exceedingly difficult and 
unsatisfactory, owing to various factors which interfere in 
obtaining uniform readings. Our experience has been to 
test the bond carefully under laboratory conditions and then 
watch the bond while in practical use over a long period of 
time as to mechanical or physical changes. 

Herewith is shown a cut of a device, Fig. 17, advertised as 
being a practicable, testing device, probably within ordin- 
ary requirements will give a means of roughly determining 
the relative relation of resistance of bond to that of rail in 
terms of length of rail. The principle is that of comparing 
by the “null” method of measurement, using a telephone 
to determine the resistance of the joint to such a length of 
rail that the rail resistance will balance the bond resistance. 


NUMBER OF BONDS TO BE PLACED. 


The question has often been discussed as to what extent 
bonds should be placed. Some contend to place bonds so the 
conductivity of the joint will be equal to the rail section. 
Others contend that the conductivity be made equal to the 
feeder system. Others again contend that the bonding be 
done to provide for the flow of current through joint, the 
joint is calculated to carry under normal conditions, basing 
the carrying capacity of copper as 1,000 ampéres per square 
inch of cross-section, and 100 ampéres per square inch of 
contact. 

The writer believes the latter method the best under 
ordinary conditions, as the first method, while theoretically 
the best, still is almost impossible to pursue in all cases 
for various reasons, such as the cost, mechanical difficulties, 
etc. Where cast weld joints were employed the writer, 
however, was successful in making the resistance of the 
joint actually 20 per cent. less than the resistance of a cor- 
responding rail length. 


CARRYING CAPACITY OF RAILS. 


The cross-section of standard girder rails is closely 
approximate, the same number of square inches as the rail 
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is high; for instance, a 7-inch girder has a cross-section 
of 7 square inches, a g-inch girder, 9 square inches. 

As the conductivity of copper is to iron in the ratio of 
approximate 7 to 1, it follows that a 7-inch girder rail has 
the conductivity of 1 square inch of copper, while a 9- 
inch girder has the conductivity of 17 square inches of 
copper, and the two rails of such a track would have a con- 
ductivity of 24 square inches of copper. One can readily 
see to attempt to bond to the carrying capacity of the rail 
would be an exceedingly expensive undertaking. Of course 
it may be necessary upon the trackage approaching the 
power station. 


Read at the stated meeting held November 28, 1899, and discussed at the stated 
meeting held February 27, 1900. 


INCANDESCENT LAMPS. 


By FRANCIS W. WILLCOX. 


(Concluded from page 369.) 


CANDLE-POWER PERFORMANCE, 


Tests of this character have frequently been made, but 
not always with a regard to the necessities of the case. 
Curves of candle-power have often been published without 
any statement of the efficiency at which the lamps were 
started. 

This is of the first importance—to have the efficiency 
definitely known and accurately determined to within 7; of oH 
a watt. It is not generally appreciated how important this 
is. A difference of #; of a watt per candle is sufficient to 4 
make a difference of 100 hours of life performance. There- a 
fore in testing it is a prime requisite to have lamps under 3 
test start at an exact equality in average efficiency. If the 
lamps pass the initial test as to close rating, then the num- 
ber to be set up for life test can be selected so as to average 
the desired efficiency. For example, in the case of lamps 
on diagram, Fig. 2, we would select for test those along 
the 31-watt line. The economy chosen as a basis for 
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test is generally the highest possible, as this shortens the 
period of test. For this reason 3°1 watts per candle is pref- 
erable, as test need not be continued longer than 400 hours, 
while with 3°5-watt lamps the period would be over 600 
hours, and with 4-watt over 1,200 hours. 

Not only must economy be exact, but the candle-power 
and voltage must be similar. It will not do to compare 50- 
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Fic. 6.—Candle-power performance diagram, showing poor results given 
by ten 16-candle-power 100-volt lamps—3%%4-watt lamps. 
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volt lamps of one make with 100-volt of another, or 10 can- 
dle-power with 16 candle-power. 

The number of lamps to be tested should preferably be 
twenty-five or more of each make, and never less than ten. 
Any less number is not sufficient to give a safe average. 
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The voltage during test should always be kept normal ; BS ji 
and constant. An average increase of but 1 volt in pres- 4 
sure during test will decrease the result 10 per cent., and a 4 
volt decrease in pressure will increase results in same ratio. 4 
The candle-power readings may be continued indefinitely, R 
but the practical method is to continue results to some = 

| a 
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Fic. 7.—Candle-power performance of ten lamps, 16 candle-power 112-volt ae 
34-watt lamps, showing lack of uniformity in performance. g 


agreed limit of comparison. The limit most generally 


taken is 80 per cent. of the initial candle-power, which P 
would be, for the 16 candle-power lamp, the 12°8 candle- fl 
power line. 
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Here are several sets of candle-power tests* plotted on 
diagrams in the usual manner, with the ordinates repre- 
senting candle-power and the abscisse hours of burning. 
An examination of these will show us some features of 
interest. 

Diagram, Fig. 6, shows the miserable results some makes 
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Fic. 8.—Candle-power performance of ten 16 candle-power 112-volt 3°1-watt 
lamps, showing uniform and good results of well-made lamps. 

of lamps will give. Here are ten lamps set up at an average 

economy of 3°5 watts per candle, and six of them lost over 

20 per cent. in candle-power inside of ten hours, only three 

lamps giving any life at all. Such a lamp no station could 


*The writer wishes to acknowledge indebtedness to the Association of 
Edison Illuminating Companies for many of the diagrams used herein. 
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afford to use even if a bonus were paid on each lamp. Yet 
the manufacturer of this lamp glibly made a contract with 
the United States Government to furnish lamps under speci- 
fications that not more than three manufacturers in the 
world could regularly fulfil. 

Diagram, Fig. 7, exhibits an interesting set of curves 
of ten lamps started off at 3°12 watts per candle. This 
illustrates the bad effects of a rise in candle-power at 
starting. Owing to this rise in candle-power, readings 
should be taken every 25 hours for first 1oo hours. 
All lamps rise some at the start, but this rise should 
be limited, as, in excess, it strains the filament and causes 
early breakage, as is here well exemplified. Two of the 
lamps slumped badly, and one of the curves shows a curi- 
ous recovery feature, regaining three candles to 13 candle- 
power, after having dropped to 10 candle-power. This is a 
freak of performance that has been considered impossible, 
but it is quite often met with in lamp testing. The explana- 
tion of this is that the filament of the lamp had a discolored 
or blackened surface (through bad vacuum), and, as such a 
surface is a poor radiator of light, the candle-power declined 
very rapidly for the first twenty hours, as shown. The 
vacuum improving as the lamp continued to burn, the 
sooty, discolored coating on the filament was burned off. 
This made the filament a better radiator of light, and so 
caused the subsequent rise in candle-power shown. 

It will be noted that in all these diagrams the individual 
curve of each lamp is plotted. This serves to illustrate the 
degree of uniformity of performance, and is a great im- 
provement upon the old methods of averaging results and 
plotting only one curve. 

In diagram, Fig. 8, we have a set of curves showing how 
well-made lamps should perform—illustrating good results 
and great uniformity. 

Compare this with Fig. 9, showing results on ten 
lamps taken at random from a barrel sold for 16 candle- 
power 3°I watts per candle, an excellent example of poor 
results. 

A proper measure for lamp value should include both 
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Fic. 10.—The candle hour area. The measure of lamp value. 
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life and candle-power results. Such a measure is the candle 
hours of life given by alamp to an agreed limit of candle- 
power. The limit agreed upon is 80 per cent. of initial 
candle-power. The graphic expression of this measure is 
the area bounded by the average candle-power curve and 
a vertical line drawn from intersection of curve and 80 per 
cent. limiting line. This area is shown on diagram, Fig. 
zo, and is called the candle hour area. 

The part of this area below the 80 per cent. line forms a 
constant quantity, and it would be better were this omitted 
and only the area above the 80 per cent. line, or “ top area” 
as it is called, taken. It is this “top area’ which measures 
the useful results, and much more determinate comparisons 
can be made on it as a basis of value than on the full area. 

It is pertinent to also note that with normal lamps the 
candle hour area is directly proportional to the useful life, 
so that the useful life can be used as a definite basis for 
specifications and guarantees. 

As regards candle-power performance, customers should 
purchase their lamps under specifications requiring a mini- 
mum number of candle hours or a minimum useful life as 
the average results for the principal types of lamps used and 
exacting a penalty of a sufficient number of lamps or the 
money value thereof to make up any deficiency between 
guarantees and actual performance, as determined by tests 
of samples taken from each lot of lamps. 

Regarding specifications in general there is much that is 
objectionable in their practical application to lamp purchase 
and supply. The incompetent manufacturer will quite 
glibly bid under any set of specifications either through 
ignorance of what he can do or trusting to luck to get 
around the requirements. He can hardly be blamed for 
running the chances, considering how seldom complete 
checking tests are made of lamps purchased. Let a con- 
sistent invariable course be followed of testing lamps before 
they are accepted for use and of rejecting every lot that 
falls below requirements, and the incompetent manufac- 
turer will soon be brought to table. This has been the 
policy of the U.S. Navy, and it is a well-known fact that 
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numbers of manufacturers have learned to their cost that 
they dare not bid to supply lamps to the navy. 

The navy keeps a sufficient stock on hand to supply 
running needs and tide them over the delay due to the 
rejection of any lot purchased. 

These conditions are, however, not to be found in the 
case of the average purchaser, and other methods are neces- 
sary. The best and most practical method, it seems to me, 
was the one adopted by the Standard Oil Company, of New 
York. This company last winter purchased in the open 
market some fifty lamps each of a dozen of the leading 
makes and carried out a complete test thereon. This gave 
them positive data as to what lamp gave best results, and 
the difference in value between it and the next best. With 
this information in hand the selection of the lamp to be 
purchased was readily and intelligently made. 

This suggests the best plan for the general purchaser. 
Let him determine, by test of the average product of dif- 
ferent makers, the best make and type of lamp suitable for 
his service. Then let him buy the lamp thus selected, 
under specifications and guarantees, testing samples from 
each lot of lamps received, and holding the manufacturer 
closely to his guarantees. 


DISCUSSION, 


Pror. ARTHUR J. ROWLAND:—In most papers on incan- 
descent lamps we find them treated from the standpoint of 
their candle-power, some peculiar or abnormal effects in 
them, their advantage as compared with other sorts of 
illuminants. Or, we listen to descriptions of special sys- 
tems of lighting, or to accounts of instruments and appa- 
ratus made to test incandescent lamps. Here, in Mr. Will- 
cox'’s paper, we have one giving a view of another side of 
the subject, the one on which we electrical people know too 
little. We do, indeed, know that some lamps prove unsat- 
isfactory in this or that way, without being able to see or 
tell why they are so; that others are eminently satisfac- 
tory, but have no direct means of knowing whether this 
lot of lamps is good because they happened so, or whether 
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they represent a really steady process of manufacture. We 
know how, or think we know how, to test incandescent 
lamps; but need and welcome all the suggestions we can 
get from the people who make the lamps and who there- 
fore know better than any one else what they can or cannot 
be expected to do. 

To me the flashing of modern incandescent lamps has 
always been a most interesting process, both as to details 
of method and as regards the results procured. Here are 
the carbonized cellulose filaments, sooty in surface and 
sometimes of irregular resistance and spotty when cur- 
rent passes through them. They are put into gasoline vapor, 
a current turned on and the resistance drops as a tube of 
graphitic carbon deposits around each carbon filament 
until, the desired resistance having been reached, the cir- 
cuit is automatically opened. 

If the sooty surface filament had been put into a bulb 
and the combination made into an incandescent lamp, the 
life of the lamp would be short, the candle-power would 
rapidly drop, the efficiency be low (for the sooty surface is 
a good heat radiator) and the bulb be very hot. With the 
filament flashed, the candle-power and efficiency are well 
maintained through life, a high efficiency becomes possible, 
and the only disadvantages are the initial rise in candle- 
power and the readiness with which the filaments are 
strained by excessive voltage. 

Every one should know that not only can one tell a 
graphite-covered filament by looking at it, as Mr. Willcox 
has explained, for its bright steely surface is very easily 
recognized, but one can tell whether there is much graphite 
on the filament or not by noting whether the filament is 
long for the voltage, candle-power and efficiency marked. 
The graphite deposit has a considerably lower specific 
resistance than that of the core (} to 4+ as much), and, if 
much of it has been deposited, the filament must be long 
to get the required resistance. If there is plenty of graph. 
ite, we expect long life and maintained candle-power. 

It has come to be the practice of lamp manufacturers to 
make tests of lamps to prove that they have the requisite 
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vacuum by connecting with a suitable induction coil and 
observing the absence of a glow in the lamps when they 
are being tested, and Mr. Willcox recommends the same test 
to users of lamps, to measure (in one respect) the value of 
lamps purchased. I suppose the manufacturers know how 
important the high vacuum is, but it is difficult for some 
of us to forget how some of the best lamps on the market 
a few years back (infringing lamps though they proved to 
be) were lamps in which the vacuum was low, an inert gas 
having been introduced at the last part of the exhausting 
process. I have some doubts, then, whether the spark-coil 
test may not work hardship on some real good lamps if the 
fact that they show a glow under the induction-coil test is 
to be taken as evidence that they are to be rejected. For 
high-voltage lamps in which the Edison effect is liable to 
be great, and so produce trouble at the leading-in wires, 
doubtless a high vacuum is essential, as distinguished by 
an absence of blue glow in the bulb when first burning or 
the absence of any glow under the induction-coil test. 

Mr. Willcox tells us that the limits allowed for good 16. 
candle-power lamps in a specification for lamps need only 
be 4 candle-power each side of that and 1} watts each side 
of the rated watts of the lamp. I have tried a good many 
lamps, and may, at least, express the opinion that limits as 
I have assigned them below are entirely satisfactory, and 
there are few lots of lamps taken from stock on the open 
market, of even the best makes, that will satisfactorily stand 
a closer test. These requirements are: 

A 16-candle-power lamp is understood to be one which, 
when rotating on a vertical axis at 180 revolutions per 
minute, measures not less than 14°5 candle-power and not 
more than 17°5 candle-power as its mean horizontal candle- 
power. 

A lamp is of satisfactory efficiency if it does not differ 
from its rating more than ?,; watt per candle-power. 

I agree thoroughly with Mr. Willcox’s statement that 
lamp tests are of small account unless a reasonably large 
number of lamps be put on test. It has been such common 
practice to put three lamps on a life test and draw con- 
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clusions from the performance of these that atest in which 
ten or more are taken looks very formidable. Certainly 
such a test is too much of an undertaking and too much 
expense is involved, too, to make it one which is likely to 
be made by the user of lamps in an ordinary isolated light- 
ing plant. General tests, however, are not of much value 
to separate plants. The results of a test made on lamps on 
the circuits of one station will scarcely correspond with 
those made on another. The differences in regulation, the 
differences in actual average E.M.F. on the lamps will make 
quite a little difference in the results procured. I have 
examined into this by trial to some extent, and hope to 
find out more about it in the future. Results of general 
tests, then, show simply that certain lamps are good and 
certain ones are bad—scarcely that one make of lamps is 
10 per cent. better than another because 10 per cent. more 
candle hours were had from it than from another. 

A word regarding the fluctuations in candle-power values 
along candle-power curves. Not many months ago I would 
have attempted to prove in argument that after the initial 
rise, when the candle-power had really begun to drop, it 
would continue to do so, and any rise in candle-power 
observed was a sure indication of a false photometer read- 
ing. Now, I must acknowledge that there are sometimes 
curious “lumps” in the candle-power curve which must be 
due to real changes in the candle-power of lamps. But the 
man who is measuring candle-power had better beware of 
these as suspicious, especially if he has no rotating socket 
to use in making his tests. For that matter, a determina- 
tion without a rotating socket cannot amount to much any- 
how, and photometers in which they are absent are of little 
account. I have so often seen irregularities in candle-power 
curves really due to matters of small account seemingly, 
which were overlooked in making measurements on account 
of the inexperience of the observer, that I feel very confi- 
dent in what I say. I very much question the advisability, 
too, of placing any confidence on results in candle-power 
measurements made by any person who has not devoted a 
great deal of time and attention to this sort of testing. No 
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test work of which I know is so liable to involve an uncon- 
scious personal error of large magnitude. 

I wish Mr. Willcox had told us more of why the 80 per 
cent. limit is taken so commonly for the age limits of lamps 
and who proposed it. It seems as though it was a sugges- 
tion of a couple of years since, adopted at once by every one 
without question as to its being the proper limit. Of course, 
we know that the useful life of a lamp is controlled and so 
determined by its cost, the cost of the power it uses, and 
the decrease in candle-power per hour it burns. But obvi- 
ously these are not fixed quantities, and it does not, therefore, 
appear why, when a 16 candle-power lamp gives only 12°8 
candle-power, it is to be thrown away. I do not believe it is 
right to do so on the circuits of an isolated plant, however 
good practice it may be in central station work. As the 
candle-power drops, the total watts drop too, and although 
not in the same proportion, still it is cheaper to use these 
old lamps in corridors, in closets, in cellars, etc., than to 
throw them away. 

I wish I could ask Mr. Willcox, too, whether he knows 
who originated the target diagram as a means of showing 
what lamps are and how a lot of lamps compare. I think 
the name is particularly happy, and the diagram (simple as 
it is) wonderfully expressive. I am very glad that the man 
who thought of it did not patent the idea; he was a public 
benefactor. Ever since I came upon it a year or so ago I 
have used it with a great deal of satisfaction. 

One thing more. There has been a notable change in a 
few years past in the size of the bulbs used with lamps of a 
given candle-power. A few years back, for example, the 32 
candle-power bulbs were about 34 inches in diameter and 6 
inches long. Now we get them no larger than the bulbs of 
the 16 candle-power lamps used to be. Mr. Willcox tells us 
that European lamps are made still smaller than American. 
I wonder what influence the size of the bulb has on the life 
and maintained candle-power of an incandescent lamp, 
Certainly the small bulbs give to the lamps an added artistic 
merit, but one would like to know heis not paying too high 
a price for this. I am inclined to believe that small bulbs 
go with short life and rapid decline in candle-power. 
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Pror. W. M. STINE:—One of the most significant state- 
ments in Lieutenant Willcox’s paper is the following: “ It 
has taken years to bring home the real considerations (of 
the incandescent lamp) to electric lighting companies. 
These considerations are that a lamp is primarily designed 
and used to give light—that lighting companies are in the 
business of making and selling light, not power—and that 
the lamp is the chief essential of the lighting system.” 

It may be taken as a general law in the development of 
engineering practice in all lines that, at first, attention is 
mainly centered on mere accomplishment ; and then, as the 
principles involved come to be better understood, they are 
examined in detail for efficiency of operation. However, 
in the case of the incandescent lamp it seems singular that 
such a statement as the author makes here should obtain; 
yet those who have had to do with the subject of incandes- 
cent lighting have repeatedly experienced its truth. In 
this line of operation the same remarks apply with equal 
force to switchboard and metering apparatus. It has re- 
quired years of vigorous education of those operating and 
installing plants to recognize that a finely finished case may 
cover an exceedingly crude and ill-made instrument, and - 
that the readings of instruments are valueless when the 
calibration of the scale is not known. Again, the same 
thing has occurred in the matter of suitable transformers, 
of the proper quality of carbons for arc lighting, and in 
varying degrees to almost every detail of installation for 
lighting and power. 

The present paper is essentially educational in tone and 
argues that the leading manufacturers of lamps yet find 
that the most essential thing in a lighting installation—the 
final translating device—is so greatly overlooked. It is in 
this spirit, then, that the present discussion of the paper is 
presented. 

The processes of manufacture have been reduced to such 
accuracy of details and to standard conditions, and cellulose 
filaments are made with sufficient uniformity in resistance 
and size, that further treatment on such account is unneces- 
sary, in so far as treatment is needed for correction of imper- 
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fections in density, cross-section and length. It is important 
to note that flashing is no longer required for mechanical 
corrections. This clears the way, then, for understanding 
the necessity for plating all filaments;with a layer of carbon 
deposited from a hydrocarbon vapor; the plating being 
needed for imparting certain necessary properties to the 
filament to insure proper economy in operation and length 
of life. 

The surface of the cellulose filament, after carbonization, 
is somewhat rough and has a dull black appearance and its 
carbon is in an amorphous condition, and its properties in 
this state which affect the translation of electrical energy 
into heat and light energy must be examined. 

The property by means of which heated carbon radiates 
its heat and light is termed emissivity, and for conciseness 
we may think of the emissivity being defined by the quan- 
tity of light and heat given off from the square millimeter 
of surface in the unit of time. The emissivity of a carbon 
filament is largely determined by the nature of the superfi- 
cial layer, the interior of the filament having little influence 
on the emissivity. In general, filaments with a dull black 
surface show high emissivity for both light and heat. 

Flashing consists in heating the filament electrically in 
an atmosphere of gasoline vapor; the heating of the fila- 
ment decomposes the vapor in contact}with its surface, and 
the carbon is deposited as a plating on the filament. The 
character of this plating is influenced by the density of the 
hydrocarbon atmosphere, and both the temperature at 
which it is deposited and the rate of deposition. The lower 
the density of the hydrocarbon vapor, the slower will be 
the rate of plating, and as a result the deposited surface will 
be both smooth and hard. And further, at a high temper- 
ature the carbon plating will become gray in color and very 
hard—graphitic, in short. The best conditions for plating 
are thus: a high temperature of the filament, and low den- 
sity of the hydrocarbon atmosphere which will insure that 
the plating shall. progress slowly. It may be considered 
that the plating under these conditions consists of hard, 
graphitic carbon. 

Vor. CXLIX. No. 894. 28 
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Weber,* examining filaments which were untreated, or 
had a dull black surface, and comparing them with treated 
ones having bright gray and metallic-appearing surfaces, 
fowtd that the emissivity of the two classes averaged the 
relation of 100 to 75°5. Itis known that the emissivity of 
lampblack and graphite stands in the relation of 100 to 75 ; 
and the confirmation is clear that the gray coating of the 
filament is graphitic. The result, then, of flashing a fila- 
ment under proper conditions is that its emitting surface 
becomes graphitic, which at a given temperature causes it 
to give out less light and heat; and because it thus loses 
less energy in a unit of time, it will require less energy to 
Taise it to a given temperature and maintain it in that con- 
dition. 

This treatment, however, does not result in any gain in 
the proportion of the light radiated in the total radiation ; 
for both dull black filaments and those coated with graphite 
show the same proportions of light and heat radiations for 
the various temperatures at'which the ineandescent lamp 
is operated; or, in other words, the watts to the candle- 
power at any temperature will be the same for each class 
of filaments. For illustration, two filaments may be con- 
sidered ;+ the one, A, having a dull black, or untreated sur 
face, and the other, 4, a treated, graphitic surface. The 
filament A, before flashing at a temperature 7,, gave 21 
candles with 84 watts expended; and when flashed and 
again brought to this temperature 7,, it gave 15 candles 
with 60 watts. For a higher temperature 7, the results 
were as given in the table: 


Watts to 
Filaments. Candles. Watts. the Candle. 
Black 21 84 4 
at temperature 7, . .. . 
Gray 15 60 4 
Black 28 go 3°22 
at temperature 7, .. 
Gray 21 68 3°24 


The failure of an incandescent lamp to maintain its can- 
dle-power, especially marked after several hours’ burning, is 


* Physical Review, 1894, page 116. 
t ‘‘ The Imeandescent Lamp,’’ G. S. Ram, page 63. 
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very largely due to a change in the emissivity of its surface. 
Repeated heating of the filament may be considered to 
bring about gradual annealing of the graphitic layer witha 
tendency toward the condition of amorphous carbon. This 
would naturally increase the emissivity, a result which is 
known to occur. In one case Ram found the emissivity to 
have increased about 25 per cent.* The immediate effect 
of increasing the emissivity is that the temperature will be 
lowered ; for if the amount of heat generated in the filament, 
or the watts supplied to it remained constant, while the fila- 
ment cooled more rapidly, the temperature would fall. At 
the lowered temperature the proportion of light radiated to 
the total energy is greatly decreased; and though the total 
light and heat radiated at the lower temperature would be 
the same as before, the proportion of the light to the heat 
radiated is so much lessened that the lamp drops in candle- 
power and increases in the watts expended to the candle- 
power. 

The two great factors governing the selection of incan- 
descent lamps are: (1) the watts to the candle, and (2) the 
maintenance of the initial candle-power. The requirement 
_to meet the first is low emissivity which will cause a fila- 
ment to be operated at a high temperature to produce the 
initial candle-power ; for at a high temperature (correspond- 
ing to bright, white light) the proportion of the light to the 
heat radiated is greatly increased, which amounts to the 
statement that a high efficiency is obtained. It has already 
been seen that when the flashing is properly done the fila- 
ment will meet this requirement. 

The failure to maintain the initial candle-power is usually 
explained by the evaporation of carbon, which decreases the 
cross-section of the filament and increases its resistance. 
While this does occur to some extent, it is only an incon- 
siderable factor in the case of well-made lamps. The droop 
in the candle-power curve is frequently already pronounced 
before the bulb becomes especially discolored and the fila- 
ment can have lost much by evaporation. The main cause 


* Reference cited, page 64. 
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at work is the increase in the emissivity of the surface; the 
graphitic plating slowly becomes amorphous carbon, the 
appearance of the filament in the meantime changing from 
a polished gray surface to a duller and rather black one, all 
brought about by a species of annealing. 

When purchasing lamps, preference ought to be given to 
the filaments which have a bright gray and well-polished 
appearance, for such filaments will prove both efficient and 
long-lived when properly operated. The appearance alone 
is not a sufficient guide; the graphitic layer should have 
been deposited very slowly in a hydrocarbon atmosphere 

_of very low density that the plating may have taken place 
at a reasonably high temperature. If the plating is done at 
the proper temperature and not too rapidly deposited, the 
annealing of the surface layer will take place more gradu- 
ally, leading to better maintenance of the candle-power. It 
is generally understood that a lamp showing excellent main- 
tenance of the candle-power is not one to show high effi- 
ciency, and that a lamp of high initial efficiency will soon 
lose in candle-power. It has now been shown that this is 
practically a question of the emissivity of the surface layer. 
In the lamp for maintained candle-power the flashing must 
be done slowly in fact, but at a lower temperature than is 
used for higher initial efficiency. 

The most radical improvement in the incandescent lamp 
must result from a combination of these two features in 
one filament, and doubtless the manufacturers will pres- 
ently learn to deposit a graphitic coating which will not 
readily anneal and increase in emissivity. 

Mr. F. W. WILLcox:—In Professor Rowland’s discus- 
sion of my paper he alludes to the lamps made some years ago 
with low vacuum through insertion of inert gas. Professor 
Rowland describes these lamps as some of the best in the 
market. In this respect he is in error, as these lamps, far 
from being the best in the market, were very unsatisfactory, 
so much so that the manufacturing of them was discon- 
tinued. 

In view of this fact there is no occasion for the doubt he 
expresses as to the question whether a spark coil test may 
not work a hardship on real good lamps. 


— 


June, 1900.] Incandescent Lamps. 


The limits referred to by Professor Rowland as given by 
me should be understood as average limits, and the limits 
mentioned in his requirements should be individual limits. 

His comments on different results obtained from tests 
by various stations are in general true. It must be observed, 
however, that it is not necessary that tests made on dif- 
ferent plants should agree. Any one station making a test 
on lamps simply wishes to find out the comparative dif- 
ferences between makes when tested on their circuits for 
candle-power performance. Allthe lamps on the test would 
be burned together and subject to the same fluctuations 
of voltage, and, therefore, the difference should indicate 
the approximate percentage of superiority and inferiority. 
A proper laboratory test to determine absolute differences 
between lamps should only be made, of course, under abso- 
lutely perfect regulation of voltage. 

The 80 per cent. age limit of lamps was adopted as an 
agreed limit by the leading illuminating companies of the 
country. 

The actual economy of a lamp starting at 3°1 watts per 
candle will change through a 20 per cent. loss of candle- 
power to 3°75 watts per candle, so it is evident that this 
limit is none too high considering the ratio of light given 
to power expended. It does not follow that it is neces- 
sarily cheaper to use old 16 candle-power lamps in corridors, 
cellars, etc., than to throw them away, as the cost of light 
can be reduced in many cases by using new 6 or 8 candle- 
power lamps in such locations, consuming less than one- 
half of the total wattage taken with the old 16 candle- 
power lamps. 

There is and always has been too much of a tendency to 
attempt to use old lamps. The incandescent lamp has a 
certain period of useful service, beyond which it is useless. 
It is false economy to attempt to use it beyond this point. 
The cost of current during the period of lamp service is 
eight to ten times the value of a lamp, and the lamp, there- 
fore, soon eats up its own value in current a number of 
times. 

The tendency to hold on to old lamps and use them is 
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responsible more than anything else to-day for any poor 
quality that may exist in incandescent lighting service. 
Old incandescent lamps should be considered in the same 
category as old tomato cans or any other old waste truck to 
be broken up and discarded, and not continued in service 
because they continue to burn. 

Regarding the target diagram, the idea of this was sug- 
gested by the writer to Mr. W. S. Howell, Secretary of the 
Association of Edison Illuminating Companies, and was 
first worked out and used by him in connection with the 
lamp tests of the Association of Edison Illuminating Com- 
panies. 

The influence of the size of bulb on the life and main- 
tained candle-power of incandescent lamps is an interest- 
ing topic. 

There would be a definite difference in candle-power and 
life performance were the bulbs of lamps proportioned in 
size to the candle-power. This is not the case, however, the 
24 candle-power bulb for instance being the same size as 
the 16 candle-power. Better results in candle-power per- 
formance and freedom from blackening in same candle- 
power lamps ate always possible with larger bulbs. This 
is shown in European type of lamp, which is made ina 
much smaller bulb than the American. This limits the 
candle-power performance of results to be given by these 
lamps, and even with everything else equal will always 
give inferior results than the larger of the American type 
of lamp. 

I am particularly interested in Professor Stine’s com. 
ments on the paper, especially as he seems to have struck 
the keynote of the discussion in regard to the use of lamps, 
namely, the difficulty of getting lighting companies to 
appreciate the real consideration of incandescent lamps, their 
light-giving qualities. He correctly analyzes the cause of 
this. It is surprising, however, how much ignorance and 
indifference still exist among the numerous central stations 
throughout the country, and particularly abroad on the 
Continent of Europe, where the electric lighting suffers 
from the total disregard of this feature of incandescent 
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lamps. Professor Stine speaks quite positively as to the 
cause of loss of candle-power in incandescent lamps, and it 
would be interesting to know on what he bases his theory. 
There are many rather novel and surprising things in this 
part of the discussion referring to the treatment of the fila- 
ment and annealing process, and considerable experimental 
proof should be given before they could be accepted as 
final. 


Mining and Metallurgical Section. 
Stated Meeting, April 11, 1900. 
RAILWAY BEARINGS: an INVESTIGATION oF 
CAUSES or HOT BOXES w RAILWAY SER- 
VICE, anD METHODS ror THEIR PREVENTION.* 


By ROBERT Jos, 
Chemist to the Philadelphia & Reading Railway Company, Reading, Pa. 


I take pleasure in presenting herewith results of an in- 
vestigation to determine causes of hot boxes in railway ser- 
vice due to defects in the bearings themselves, and meth- 
ods for their prevention. 

It is a fact, well known to those who have made a study 
of bearing metals, that physical condition and structure 
exert a marked influence upon the efficiency of the metal 
in service. Formerly great stress was laid upon the general 
chemical composition of the alloy, and comparatively little 
attention was paid to the effects of the different conditions 
of foundry practice, or to the relation between structure 
and efficiency. The natural results followed, and “hot 
boxes” became prevalent in railway practice, especially so 
when weights and speeds became materially increased. 
Attention was thus directed to the production of cool- 
running and durable bearings. 

As a result of carefully-conducted service tests, the old 


*A partial report on this subject appeared in the impression of the 
American Engineer and Railway Journal for February, 1900. 
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copper-tin alloy of seven to one was found to be inferior as 
a bearing metal, and the copper-tin-lead composition was 
gradually introduced, at first combined with phosphorus, 
and later with this element present in very small propor- 
tions, if at all, and then used only as a deoxidizing agent. 
Also, the efficiency in antifrictional qualities of a copper- 
tin-lead composition, other things being equal, was shown 
by Dr. Dudley to increase with the proportion of lead which 
was present, the amount being limited, owing to the neces- 
sity of maintaining a strength sufficient to support the load, 
and also a fairly high melting point in order to prevent 
fusion and running from the box if heating resulted. In the 
best practice not more than I5 per cent. was present, owing 
partly to the above reasons, and partly to the inability at 
that time to satisfactorily combine a larger proportion. 
During the past few years greatly increased attention 
has been paid to the microscopic study of the metals, and 
the importance of this method of investigation is becoming 
clearly recognized in view of the results which are being 
obtained through its use. In the course of an investigation 
to determine the alloy most efficient for general railway 
use, we found it desirable to follow up this structure of 
bearing metals in order to note the influence of this as well 
as that of chemical composition upon durability in service. 
To secure information, a large number of bearings which 
had run hot and had been removed from cars of different 
railroads while passing over the Philadelphia & Reading 
Railway were taken for test. Fractures were made to show 
the general physical character of the composition, sections 
for microscopic examination were removed, polished, etched, 
magnified as far as necessary to show the structure to best 
advantage, and photographed. Analyses were also carried 
on at the same time, especially in cases where marked seg- 
regation of the metal was found to exist, in order to deter- 
mine whether this result was due simply to an attempt at 
the foundry to form an alloy in proportions which were 
physically impracticable, or whether it was an effect of im- 
proper foundry manipulation. The marked crystallization 
which was often found in these bearings was also investi- 
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gated ina similar manner. Also, in the majority of cases, 


test sections were cut from the bearings, and the tensile: 


strength and elongation determined in order to find out 
whether in a given composition proper foundry practice 
would not be ensured by placing a limit upon the strength 
and ductility of the alloy. 

Side by side with these tests a considerable number of 
alloys have been prepared in the foundry to check the 
accuracy of the deductions and to secure information as to 
the conditions of foundry practice necessary to give the 
greatest strength and ductility to the given composition, 
the objects throughout the investigation being, first,. to 
determine the sources of excessive friction inherent in bear- 


ings prepared under widely differing conditions of foundry . 
practice, then to find out by experimentation the practice by - 
which such defects were produced, as well as the methods. 


and manipulation necessary to insure the most efficient 
results, in order to establish in our foundries a thoroughly 
serviceable standard practice as free as possible from 
observed defects. 


In the composition of the bearings a wide variation was 


naturally found, among others being the old copper-tin alloy 
of seven to one,.and copper-zine bearings running as high 
as 35 per cent. in zinc, an alloy which, by the way, had sel- 
dom been discarded owing to heating resulting from defects 
in the bearings themselves, but which showed evidence of 
exceedingly rapid wear; phosphor-bronzes were found in 
moderate amount, while most numerous of all—probably 
because most used—were the copper-tin-lead compositions, 
varying in their proportions considerably, but averaging 
from 10 to 1§ per cent. of tin, with from 15 to 5 per cent. of 


lead, the balance being principally copper. In the majority - 


of cases, however, the mere general composition was found 
to have caused but small part of the difficulty. The main 
causes were the following: 

(1) Segregation of the metals. 

(2) Coarse crystalline structure. 


(3) Dross or oxidation products, and an excessive amount . 


of enclosed gas in the metal. 
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In addition to these the lack of proper lubrication might 
be mentioned, though our investigation seems to show that 
a relatively small percentage of the bearings examined had 
been discarded owing solely to this cause. 

Segregation has been found to be due in many cases to 
an attempt to alloy the metals in improper proportions, 
this being notably the case in some of the copper-tin lead 
compositions in which an excessive proportion of lead had 
been introduced, with the ordinary practice, resulting in 
the liquation of a portion of the lead, and often also the 
separation of a part of the copper into “copper spots,” 
th@réby producing surfaces of relatively high heating capa- 
city, ultimately causing “hot boxes.” Fig. 7 represents 
a ph@temictograph of a copper-tin-lead composition which 
had Segregated owing to pouring too rapidly when at a 
high temperature. In this case a portion of the lead had 
séparatea Out, and also a slight crystallization is seen, 
owing to the presence of a slight excess of silicon in the 
metal. Fig. r2 represents a bearing which had been badly 
segregated owing to rapid pouring, and had run hot in ser- 
vice. The composition was as follows: Copper, 74°67; tin, 
15°27; lead, 10°27. Fig. ris a photograph showing upon one 
side the fracture of a badly segregated bearing with “ cop- 
per spots,” and upon the other that of a well-mixed and 
homogeneous composition taken at random from our daily 
otitput, the segregation in the one case being due partly to 
the presence of an excessive amount of lead in the brass, 
but mainly to rapid pouring at high temperature. 

To a certain extent these segregations may be prevented 
even in a wrongly proportioned alloy simply by rapid chill- 
ing of the metal immediately after pouring, as for instance 
by the use of a cold iron mould. Such practice is, however, 
at the expense of the ductility of the metal, and causes a 
matked increase in brittleness with consequent rapid wear 
in service. High heating, combined with rapid pouring 
and feeding, is, as mentioned, a very frequent cause of segre- 
gation, since tinder such conditions the metal in the mould 
remains for a considerable time in a molten condition, and 
by chilling gradually is given the greatest possible chance 
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to solidify in definite natural alloys, throwing out whatever 
excess of metal may be present beyond these proportions, 
and thus resulting in segregation. 

In actual service the effect of these segregations is 
readily understood, for it is evident that instead of an alloy 
of uniform hardness and heating capacity there is a mix- 
ture, some portions of which are relativélyvery hard, and 
others very soft, and this difference, combimed with that 
occasioned by the varying heating capacity of the different 
portions, naturally localizes friction, and ultimately results 
in excessive heating. In a homogeneous alley We such con- 
ditions exist, and although, as is true of someeOtapositions, 
some of the metals may be present, at least in part, in mere 
mechanical mixture, and not as a definite all@y, pet the 
particles may be made so small that the friction ‘hout 
the bearing is practically uniform, and undue local heating 
is not liable to occur excepting through some outside 
agency. A fine-grained structure is obtained in these 


metals by means of comparatively slow pouring, the object: 


being to have the metal in the mould remain in a fluid con- 
dition as short a time as possible, thus preventing any 
tendency towards segregation or setfling out. Pouring at 
too slow a rate, on the other hand, tends to form “shot” 
in the bearing through the freezing of the metal before 
it has flowed completely into the mould. The proper rate 
of pouring can, however, be easily determined by careful 
experiment, and must be watched very closely in order to 
secure uniformly good results. 

The coarsely crystalline structure which was often seen 
in these defective bearings was im some cases found to be 
due to the composition of the alloy, antimony especially 
tending in this direction. In many cases, however, it has 
been traced to the foundry practice, often being dtie to 
rapid pouring at high temperatute. In Fig. zo we represent 
the condition of a crystalline bearing which had rum hot in 
service. Crystallization was also often caused, as will be 
shown later on, by the presence of an excess of various 
materials which were originally added as deoxidizing agents. 

The effects of this coarse crystallization upon the dura- 
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bility of the bearing aretwofold. In the first place, increased 
local friction results in the same manner as in the case of seg- 
regated bearings, owing to the varying degrees of hardness 
and heating capacity of the constituents, and secondly, the 
ductility of the metal and the tensile strength are materially 
decreased. As ‘the rapidity of wear with a given tensile 
strength has been proved by different experimenters to 
increase with brittleness, it becomes evident that the dura- 
bility of one of these crystallized bearings in service is 
bound to be defective owing to an excessive rate of wear, 
even though the heating which would naturally result 
should not‘ occur. 

Fig. 9 represents a segregated copper-tin alloy containing 
about 80 per cent. of copper and about o'1 per cent. of 
phosphorus, showing the crystalline structure of such com- 
position, and it may be mentioned in passing that the old 
copper-tin alloy of seven to one, having a somewhat similar 
structure, and formerly much used as a railway bearing 
metal, is a notoriously rapidly heating composition, and is 
not often found to-day used for this purpose. Fzg.2 isa 
photograph of one of these badly crystallized brasses 
together with one showing a homogeneous and fine-grained: 
structure. 

Another very common source of difficulty found in defec- 
tive bearings was the presence of particles of dross or 
oxidized metal mechanically enclosed, and also of large 
amounts of occluded gas in the metal. In the former case 
a hard, cutting surface was presented to the journal, caus- 
ing increased friction, and hence heating. The presence of 
occluded gas in excess also tended in the same direction by 
reducing the actual bearing surface of the brass, and thus 
materially increasing the pressure. Such metal-was natur- 
ally found to be very brittle, and to have worn rapidly in 
service. In the foundry practice the presence of this en- 
closed matter is as injurious as in the bearings themselves, 
tending to cause sluggish pouring, unless the metal is heated 
to a very high temperature, in which case crystallization 
and segregation—as shown above—are liable to result 
unless the speed of pouring is very carefully regulated. 
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Lack of fluidity also tends to prevent the formation of sharp, 
clean castings. 

Fig. 6 represents dross mechanically enclosed in a 
copper-tin-lead composition, and Figs. 7 and & show this 
appearance of the metal when containing an excess of 
occluded gas, and show clearly the loss of bearing surface 
which may result from such porous condition. 

In ordinary practice the foundrymen, if left to their own 
devices, avoid sluggishness of the metal by simple heating 
until sufficient “life” has been given. If the metal does 
not contain any appreciable amount of dissolved gases or oxi- 
dation products, such practice is perfectly correct.. Unfortu- 
nately, however, the bearing metals in general retain obsti- 
nately a considerable amount of gas which is bound to cause 
sluggishness unless removed, and failure to effect this renders 
high heating necessary to give proper fluidity, and as in 
most foundries the piecework system is in vogue, the main 
object of the. men is to empty the metal into the flasks in 
the shortest possible time. Thus we have two elements 
combined, high heating and rapid pouring, which, as has 
been explained, are almost certain forerunners of hot boxes, 
owing to the segregation which generally results. 

Sluggishness can be entirely prevented with a minimum 
amount of heat by simply removing these dissolved gases 
and oxidation products from the metal, and this can be 
effected by the use of any good deoxidizing material. It-is, 
for instance, a matter of common observation that when a 
small amount of phosphorus is introduced into a pot of mol- 
ten metal a marked increase in fluidity results, and upon 
microscopic examination of castings made before and after 
the addition, the structure of the latter will be found much 
the denser, and, as a result of this, both strength and duc- 
tility will be found to have increased considerably. Phos- 
phor-bronze is, perhaps, the best-known metal of this class, 
and is noted for its fluidity in the foundry and density of 
structure owing to thorough deoxidation of the metal. 

The wearing properties and strength of such metal have 
been found by different observers to be much greater than 
those of a metal of the same approximate composition but 
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not deoxidized. Unfortunately, however, in the phosphor- 
bronzes the attempt has been made to effect what may be 
termed “cumulative deoxidation,” or, in other words, to 
store up deoxidizing material in the metal sufficient to 
remove oxidation products which may form upon subse- 
quent remeltings. This effect, however, does not seem to 
result to appreciable extent, but, instead, a network of crys- 
talline salts of the various metals is formed, and upon 
repeated remeltings this proportion of oxidation products 
gradually increases until finally the condition of the metal 
as a bearing is worse than if the deoxidation had never 
been attempted. fig. g represents the structure of a bear- 
ing which contained an excess of phosphorus, and shows 
the appearance of structures which is often found, and ren- 
ders evident why such excess should be carefully avoided 
in the most efficient bearing metal. Phosphorus has been 
mentioned in this connection simply as an exponent of a 
general class, but the same may be said of any other sub- 
stance which combines with the bases present to form salts. 
Excess of silicon, for instance, results in the crystallization 
shown in Figs. 37 and 5. 

Turning now to what may be termed basic deoxidizers, 
or metals like zinc or sodium, which combine readily under 
the conditions of the foundry with whatever oxidation 
products may be present in the metal. The action of zinc 
as an aid in producing sound castings has been long known, 
and in 1892 Dr. Dudley pointed out that not more than 
between 1 and 2 per cent. should be added to the molten 
metal, the reason of this being that sufficient oxygen and 
oxidation products are usually present to combine with the 
greatest part of that quantity, forming oxide of zinc, which 
rises to the surface or passes off as a fume, leaving but 
little of the metal itself to act asa weakener. The effect 
of metallic sodium in small amount is similar to that of 
zinc, excepting that the action is much more energetic, and 
hence but a very small quantity is required to effect the 
change. Excess of these bases appears not to detract in 
any way from the antifrictional qualities of the bearing; 
they do, however, act to a marked extent as weakeners, 
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decreasing both tensile strength or ability to carry loads, 
and elongation or wearing quality. 

In any large railway foundry considerable quantities of 
bearings discarded through one cause or another from cars 
of foreign roads are received in the scrap heap. Such bear- 
ings may contain a good deal of “yellow brass,” that is, 
metal containing a considerable proportion of zinc. If 
much of such brass is added to the pot, a considerable pro- 
portion of zinc is introduced, and comparatively rapid wear- 
ing in service is. certain to result. The best practice in 
such cases is, perhaps, to set aside such yellow bearings, 
and to add but one of them toa pot of metal, or just enough 
to correspond to the 1 to 2 per cent. of zinc desired, omitting 
then the addition of spelter entirely. By this means the 
good results of the deoxidation by means of the zinc may 
be obtained without retaining sufficient excess to produce 
brittleness. Zinc of itself does not, however, effect com- 
plete deoxidation, as may be shown by observing the 
increased fluidity in a pot of metal upon adding a small 
amount of silicon or phosphorus after deoxidation with the 
zinc, and noting the oxidation products which subsequently 
rise to the surface. The density of the metal also will be 
found, upon test, to have increased after the addition. In 
our own practice we prefer the use of silicon in very small 
proportion after the addition of zinc in the form of spelter, 
or as yellow brass. By this means a very strong close- 
grained and ductile metal is obtained at a minimum cost. 
We find it necessary to regulate the amount of silicon very 
carefully in order to avoid the partial crystallization which, 
as has been shown, would otherwise result. It is easy, how- 
ever, to determine the amount needed by experiment, adding 
a definite quantity of silicon to the melted metal after par- 
tial deoxidation with about 1 per cent. of zinc, stirring 
thoroughly, and pouring at once. A section is cut froma 
casting, and polished, etched and magnified. If an excess 
of silicon is present the crystalline appearance will be seen, 
as in Figs. 3 and 5. If this is the case, the amount 
of silicon should be reduced in the next batch, and a section 
again examined, this being continued until but a bare trace 
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of silicon is found in excess, thus ensuring almost entire 
absence of crystallization due to this cause. In our practice 
we have found that the amount of the deoxidizer required 
in the different lots of scrap is fairly uniform, and we there- 
fore merely add to each pot the amount found necessary 
upon an average, checking up the quality by taking bear- 
ings at random from the daily output, a practice which we 
consider indispensable in maintaining efficiency among the 
workmen. Arsenic is sometimes used to effect deoxidation, 
but gives no better results than other deoxidizers, and 
should not be tolerated in the foundry on account of its poi- 
sonous properties, 

Turning now to the influence of the above-mentioned 
defects upon the tensile strength and elongation of the bear- 
ings examined. Dross or oxidation products are simply 
elements of weakness, and thus reduce both tensile strength 
andelongation. Coarse crystallization and segregation both 
tend in the same direction. With the former, the faces of 
the crystals form the surfaces of least resistance, and thus 
facilitate fracture and lessen ductility, while in the segre- 
gated bearing the different portions of the metal vary in 
tensile strength and elongation, so that the section tears 
apart under a comparatively low stress. Excess of deoxi- 
dizers also acts in a similar manner, and the result is espe- 
cially marked in case of excess of zinc or of sodium, ensuring 
comparatively rapid wearin service. A test section taken 
from the bearing represented by Fig. ¢ showed a tensile 
strength of only 10,500 pounds per square inch, with an 
elongation of only 4 per cent. in a 2-inch section. A bearing 
of the same composition if properly prepared in the foundry 
and free from crystallization would have a tensile strength 
of about 25,000 pounds per square inch, and an elongation 
of about 13 per cent. when the test sections were taken 
from the bearing in a similar manner. 

In the porous brasses we naturally found the same lack 
of strength and ductility owing to the deficiency in the 
amount of metal present in a given section. For example, 
the bearing represented by ‘ig. 7 showed a tensile strength 
of 15,000 pounds per square inch, with an elongation of only 
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6 per cent. Fig. 8 showed a tensile strength of 18,700 
pounds per square inch, with 7 per cent. elongation. Thus we 
see that the influence of the various defects is clearly shown 
when metal of a known composition is subjected to tensile 
tests, and it becomes possible to hold the foundry up toa 
high grade of excellence by this comparatively simple 
means with analytical and microscopic work as a basis. 
Objection may, perhaps, be made that it appears rather 
arbitrary to place limits upon tensile strength and elonga- 
tion in bearings, and that, after all, in practical service it 
is merely necessary to have, with a proper composition, a 
fairly strong homogeneous material to obtain good results. 
In reply, we will merely state that as a result of very care- 
fully conducted service tests made by placing bearings of 
practically the same composition, but differing widely in 
both tensile strength and elongation, upon opposite ends 
of the same axles, we have invariably found that increase 
of strength and ductility meant an increased life to the 
bearings in service and a lessening of wear, our results in 
this respect being in accordance with the deductions given 
by Dr. Dudley in 1892 before the Franklin Institute. As an 
instance of difference in efficiency due to these causes, we 
may cite a service test in which eight bearings each, of two 
copper-tin-lead compositions, were placed under tenders of 
fast passenger locomotives, one bearing of each kind being 
placed upon an end of each axle. All the bearings were of 
practically the same composition, but the one set showed a 
tensile strength of about 16,500 pounds per square inch, 
with an elongation of about 6 per cent., while the other had 
a strength of about 24,000 pounds per square inch, with an 
elongation of about 13 per cent. This marked difference 
was due simply to the fact that in the one case the metal 
was porous, about as shown in Fig. 7, while the other was 
thoroughly deoxidized, and was close-grained and homo- 
geneous, similar in structure to Fig. zz. From time to 
time these bearings were removed and weighed, and the 
end wear measured. As a final result, it was found that the 
more brittle set had worn 35 per cent. more rapidly than 
the others. The results of similar tests, also, have been in 
VoL. CXLIX. No. 894. 29 
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line with the above. Therefore it becomes evident that in- 
creased ductility and strength in the bearing of given com- 
position means, as stated, an increased life for the bearings 
in service, and, as relatively high ductility necessitates also 
freedom from the defects which we have mentioned, it is 
evident that the chances of cool running are proportion- 
ately greater. These qualities are therefore not merely of 
theoretical interest, but have an intensely practical value, 
and have a marked influence upon the success and economy 
of railway service. 

Regarding the preparation of the sections for micro- 
scopic study, we have found it desirable to cut them from 
the center of the bearing, filing and polishing after the 
usual methods, and finally etching with an approximately 
decinormal solution of iodine in potassium iodide, the time 
of etching being usually about one minute. This etching 
gives very satisfactory results in many cases, though in 
some etching with dilute chromic or nitric acid has shown 
the structure to better advantage. In ordinary work we 
have found that magnification to about thirty diameters 
is sufficient. 

DESCRIPTION OF PLATES. 

Fic. 1.—Fine-grained and homogeneous. P. & R. Ry. standard. Crys- 
tallized by defective foundry practice (copper-tin-lead bearings). 

Fic. 2.—Segregations. Fine-grained, homogeneous bearing. P. & R. Ry. 
standard (copper-tin-lead bearings). 

Fic. 3.—Segregation; also silicide crystallization (copper-tin-lead bear- 
ing). 

oh 4.—Crystallization due to phosphides (copper-tin-lead bearing). 

Fic. 5.—Silicide crystallization (copper-tin-lead bearing). 

Fic. 6.—Enclosed dross (copper-tin-lead bearing). 

Fic. 7.—Enclosed gas (copper-tin-lead bearing). 

Fic. 8.—Enclosed gas (copper-tin-lead bearing). 

Fic. 9.—Segregation; also phosphorus crystallization (copper, 80 per 
cent.; tin, 19°97 per cent.s; phosphorus, 17 per cent.). 

Fic. 10.—Crystallization (copper-tin-lead bearing). 

Fic. 11.—Close-grained and homogeneous (copper-tin-lead bearing). 

Fic. 12.—Segregation due to rapid pouring (copper-tin-lead bearing). 
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THE FRANKLIN INSTITUTE. 
Stated Meeting, Wednesday, April 18, 1900. 


RECENT PROGRESS IN THE ALUMINIUM 
INDUSTRY. 


By Pror. W. RICHARDS, 
Lehigh University, Member of the Institute. 


Professor Richards spoke in substance as follows: 

It is not yet seventy-five years since aluminium was 
first isolated as a metallic powder, and not yet fifty years 
since it made its appearance as a true solid metal, while 
until fifteen years ago its price was counted in dollars per 
pound, and it was used only for articles of luxury or for 
purposes where lightness was a desideratum and expense 
was not considered. From 1884 to 1891 several new pro- 
cesses of production followed each other, reducing the 
price nearly 50 per cent. each year and causing the output 
of metal to increase nearly 100 per cent. each year, until 
with the present decade aluminium became a metal of 
every-day life, for it began to compete with such ordinary 
metals as German-silver, britannia, pewter, bronze, copper 
and even brass. To-day sees this new metal firmly estab- 
lished among the every-day metals, known to and used by 
the general public, and destined to ever-increasing useful- 
ness until its only rival will be iron and steel. 

My further remarks will concern only recent advances ; 
and in the line of pure metallurgy, that is, reduction and 
refining, there is little to chronicle. The process of reduc- 
tion has certainly been somewhat improved in details, but 
in principle it is the same as the Hall process of ten years 
ago. The operators of the process are naturally averse to 
publishing the details of their operations, and the outside 
public is vouchsafed information only upon the properties 
and utilization of the metal. About all there is to be said 
is that during the last few years all the items of expense of 
the process have been gradually notched down—bauxite is 


‘ig 
4 
4 
j 
4 
| 


452 Richards: (J. F. 1, 


being mined and prepared better and more cheaply; its 
conversion into alumina is probably improved; electrolytic 
carbons are being made cheaper and more durable; electric 
power is being obtained more cheaply, and, finally, the 
doubling and doubling again of the size of the works has 
reduced correspondingly the cost of superintendence and 
office expenses. These, and probably several other items 
of saving, have altogether reduced the cost price of alu- 
minium to probably about 20.cents per pound, while its sell- 
ing price is slightly over 30 cents in the United States and 
25 cents abroad. 

_ I could wish to be free to give more information on these 
metallurgical details, but since that is denied, I will pass on 
to the various uses of aluminium which have recently ap- 
peared. 

Here is a small box containing a dozen aluminium thim- 
bles, which was sold in the largest store in this city, this 
week, for 5 cents. This furnishes me a good text to talk 
about the displacement of other common metals by alu- 
minium. ‘These dozen thimbles weigh less than 4 an ounce, 
and the aluminium in them cost the manufacturer just 1 
cent. If he had made them of common brass, they would 
have weighed 14 ounces, and the metal in them have cost 
12 cents, which is an increased cost of metal of 75 per cent. 
Or, stating it another way, to manufacture $1,000 worth 
(selling price) of thimbles, the manufacturer would have to 
buy to make them (allowing 25 per cent. for waste clip- 
pings) $250 worth of sheet aluminium or $437.50 worth of 
sheet brass. The general public considers brass asa cheap 
metal, and such facts as the above are rather startling when 
first grasped. 

Coming to the city in the train to-day, I estimated the 
amount of brass fittings on one railway car as about 300 
pounds. Without exception, they were replaceable by light 
aluminium alloy, which, fully as strong, would weigh only 100 
pounds and cost only two-thirds as much. The difference 
in cost would probably amount to $20 per car, in favor of 
aluminium, while the saving in dead-weight hauled would 
be more than the average weight of one passenger per 
car. 
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Such instances as the above could be multiplied ad /ib:- 
tum, but these suffice to prove the point, little apprehended 
by the general public, that for almost every practical pur- 
pose aluminium is cheaper than all the common metals 
excepting zinc, lead and iron. Brass, tin, copper, are of 
approximately the same specific gravity, and in comparing 
their costs we usually think only of their relative cost per 
pound; but aluminium isentirelyin another class. It takes 
only one-third of a pound of aluminium to take the place of 
one pound of these metals, and the proper basis of compari- 
son here is to compare the price of one-third of a pound of 
aluminium with that of one pound of brass, etc. The com- 
parison, therefore, stands as follows: 


One-third pound of aluminium 
One 


“e 


The next great improvement, after that of the fall in 
price, has been in the successful manufacture of light, 
strong alloys. This has been a subject at which metallur- 
gists have worked hard and long, and their labors are bear- 
ing fruit in abundance. Pure aluminium has many resem- 
blances to pure copper. Take away the red color of copper, 
and its softness, malleability, toughness, silky fibrous frac- 
ture are almost exactly duplicated by aluminium ; but they 
are both soft, rather weak, metals. Five per cent. of alu- 
minium, silicon or manganese or 30 per cent. of zinc added 
to copper make famously strong bronzeor brass. Similarly, 
5 per cent. of copper, nickel or manganese, or 30 per cent. of 
zinc, added to aluminium, make strong metals as rigid as 
bronze yet only one-third as heavy. Such light, strong, 
good casting and machining alloys have an extremely large 
field of usefulness, and will receive a very large application 
in the near future. It wotild be possible for me to consume 
half of the time at our disposal this evening telling alone of 
the various strong, light alloys which have approved them- 
selves in very recent years; but, as an illustration, I will 
mention the alloy made by the Delaware Metal Refinery, of 
this city, and which is one of the best. It is a hard white 
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alloy, specific gravity 3:1, melts clean, runs fluid, makes 
beautifully sharp and perfect castings, turns and machines 
like the finest brass, polishes well, and, to conclude, is fully 
as rigid and strong as gun-metal or the best of the ordinary 
bronzes. I do not enumerate this catalogue of virtues 
merely from my own knowledge of the alloy, but could sub- 
stantiate it from the experience of Philadelphia firms who 
are using it regularly and are quite enthusiastic over its 
possibilities. This alloy is principally of aluminium and 
zinc, and sells at the same price per pound as pure alumin- 
ium. The field of application of: light alloys with such 
properties to light-running machinery, portable apparatus, 
vehicles, instruments, etc., is almost immeasurable, and the 
next few years will see its use very general for such and 
similar purposes. 

The use of aluminium for culinary utensils is extending 
steadily, as their merits become better known. A brief 
statement of what they are for this purpose is that they 
possess all the advantages of copper utensils, with none of 
their disadvantages. The first aluminium utensils put on 
the market, ten years ago, were generally too lightly made, 
and were consequently easily dented and bent out of shape. 
The manufacturers have learned by experience, and the 
ware now being sold is fully as durable as the best copper 
ware. An aluminium kettle in my father’s house has been 
on the stove constantly for seven years, boiling Schuylkill 
water, and is apparently uninjured and unworn. The inside 
has a brownish adherent skin of oxide which seems to be 
continuous and to efficiently protect the metal beneath from 
further oxidation. It bids fair to become an heirloom in the 
family. [In reply to a question: “The aluminium goods 
need only as much attention as ordinary tin ware to keep 
them bright and clean. Bath-brick dust, such as is used 
for polishing knives, is as good a scourer as can be used on 
them.”’] 

There are at present a full dozen firms engaged in manu- 
facturing this culinary ware, and it is now so generally 


kngwy that it was unnecessary for me to display any here 

Ger novelty. This small “bonbonniére,’ made by Hill, 
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Whitney & Co., of Waltham, Mass., and modelled after the 


famous silver porringer hammered out by Paul Revere, is. 


interesting as to its shape, as well as showing the beautiful 
finish, inside’'and out, which can be given aluminium ware, 

As a distinct novelty in aluminium goods may be men- 
tioned the beautiful ware being made by the native metal- 
workers in the bazaars and industrial school at Madras, 
under the leadership of Mr. Chatterton. These native work- 
men are probably the most skilful metal-workers in the 
world, and their work is principally confined to steel arms, 
silver ornaments and copper and brass utensils. The fact 
that aluminium sheet blanks can now be purchased cheaper 
than similar sized blanks of copper or brass has given the 


opportunity to introduce the working of aluminium. The. 


natives have easily mastered the peculiarities of the new 
metal, and take most kindly toit. The native Indian troops 
are largely supplied with aluminium ware, and it is coming 
into favor in all castes, from the lowest to the highest, on 
account of its lightness and cleanliness, whilst costing no 
more than copper or brass utensils. 

[There were here shown on the screen a number of photo- 
graphs of the bazaar workshops and their ware, loanéd for 
the lecture by the Aluminium World, of New York. The 
scenes were most realistic, and, judging from the photo- 
graphs, the ware is equal in construction and superior in 
artistic finish to any other aluminium ware made anywhere. } 

There are upon this table many small articles and novel- 
ties in aluminium, loaned by Mr. Mertz, of your city. It 
would be useless for me even to attempt to name all the 
various goods which are now being made of aluminium, in 
which its lightness and prettiness are much in evidence. 
The toilet goods and pocket articles are especially in favor, 
and aluminium combs are being made by tens of thousands, 
and consuming a generous share of all the aluminium sheet 
made. An equally large use is for fruit-jar caps, for which 
aluminium is superseding zinc, although more expensive, 
because of its harmlessness. 

In the artistic branch of /ithographic printing aluminium 
is rapidly winning an important place. Nearly two years 


if 


4 
4 
i 
| 
| 
4 


436 Richards : (J. F. 


ago, speaking in this hall about the progress of aluminium 
industries in Europe, I spoke of the establishment I had 
visited at Mainz, which printed altogether from aluminium 
plates. The process was then quite new, but since that 
time about thirty firms in the United States alone have 
taken up the aluminium plate printing, and are using it 
regularly, while the number in Europe is probably forty or 
fifty. Here is a trade catalogue printed by the Sackett & 
Wilhelms Company, of New York, which is probably as fine 
a specimen of commercial color work as was ever printed, 
and this firm prints exclusively from aluminium plates. 
The printing is entirely surface work, and is being generally 
done on cylinder presses instead of flat-bed machines, the 
aluminium sheets being bent onto the cylinder, and thus 
allowing of fast running. This is, indeed, a most promising 
infant industry, which cannot but grow to large propor- 
tions, seeing the advantages of aluminium plates over 
lithographic stone. 

Electric conductors can now be laid more cheaply in alu- 
minium than in copper. This is indeed a startling state- 
ment when first heard, for almost every one is wont to con- 
sider copper as the metal par excellence for conductors. But, 
pure aluminium has over 60 per cent. the conductivity of 
pure copper, and is fully as strong and resistant to atmos- 
pheric influences. It is therefore only necessary to take an 
aluminium wire one-fourth as large again in diameter as a 
copper wire (giving a little over 50 per cent. more section) 
to get equal conductivity. Such a wire weighs one-half as 
much as the copper wire it replaces, and costs only two- 
thirds as much. Long-distance transmission lines and 
trolley-line feed wires are being put in in aluminium as fast 
as the makers can supply the metal. Over 500 tons of 
aluminium were used for this purpose last year, and prob- 
ably double as much will be used this year. As 500 tons 
supplants 1,000 tons of copper, it will not be long before 
the copper industry will begin to feel the competition of 
aluminium, but will probably be unable to meet it. This 
one use of aluminium promises in the near future to con- 
sume its thousands of tonsa year. What a contrast to the 
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industry fifteen years ago, when two and one-half tons of 
aluminium was the output of the whole world in one year! 

The samples of aluminium cablés before you were kindly 
sent by the Pittsburgh Reduction Company, which has 
been foremost in developing this use of aluminium. 

It is now necessary for me to rapidly bring my remarks 
to a close, and to leave unnoticed many interesting items 
which might be mentioned did time permit. I will close 
by referring to powdered aluminium and the many applica- 
tions it is receiving. Aluminium can be rolled out to 
g¢vy Of an inch in thickness, and then beaten out to gghyy 
or even Of an inch. As thin sheet it has found some 
application in place of cardboard, for business cards, etc., 
but as leaf it has entirely superseded silver-leaf in decorat- 
ing. This leaf can, moreover, be ground to powder, and in 
this condition is used by printers for silvery printing, and as 
a paint. Forthe latter use itis simply mixed with a varnish, 
like ordinary bronzing powders, and has already proven its 
beauty and utility on Uncle Sam’s letter-boxes. Every one 
here has had the opportunity of seeing this use and judg- 
ing for himself of its practicability. It is to be hoped that 
the Public Buildings Commission of your city will not over- 
look this material when considering the painting or refresh- 
ing of the metal work on the City Hall tower. It is not likely 
that a more suitable, durable or beautiful covering can be 
obtained than this would give, whilst the cost would cer- 
tainly be moderate. 

The powdered aluminium has recently received an ex- 
tremely interesting metallurgical application, in the reduc- 
tion of refractory metallic oxides to the metallic state. 
Over forty years ago Tissier proved that aluminium ener- 
getically reduces some metallic oxides. He mixed the 
metallic oxide with aluminium powder, heated it in a 
furnace, and generally succeeded in reducing the oxide to 
metal and, in some cases, reducing the furnace to ruins. 
Our esteemed Secretary, Dr. Wahl, with Dr. Greene, made 
use of the same energetic reducing power of aluminium 
to produce carbonless metals, by incorporating with the 
finely-divided metallic oxide the needful quantity of granu- 
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lated aluminium and reducing the mixture with the aid of 
heat, in magnesia-lined crucibles, adding a certain quantity 
of flux to this mixture to facilitate the reduction. They 
found this process to be specially applicable to the produc- 
tion of carbonless manganese and chromium of a high grade 
of purity. This is indeed a practicable method of operating 
the reaction under control. 

A further improvement is the method of Goldschmidt, of 
Essen, Germany, who mixes the metallic oxide with powdered 
or granulated aluminium and ignites the cold mixture in a 
cold crucible. The heat thus generated is sufficient to melt 
the reduced metal and even the resulting alumina, and the 
danger of explosion is very small. To ignite the mixture, 
a small hole is scooped in its upper surface, into which is 
put a mixture of barium peroxide and aluminium powder, 
which is relatively easy to ignite. A strip of magnesium 
ribbon or flash-light paper is stuck into this mixture, and 
lit by a match. The magnesium sets the peroxide mix- 
ture off, and this starts the oxide mixture reacting next to 
it, and the heat thus spreads through the whole mass. In 
five to ten seconds the entire contents have reacted; the 
generation of heat is so rapid that the crucible does not 
become warm outside for some minutes, and is so intense 
that it is unbearable to the eye, and is probably between 
2,500° and 3,000° centigrade. In operating on a large scale, 
a small amount of the powder is first ignited in the cruci- 
ble, then more is continually added and the reaction kept 
up until the crucible is full. Then the melted alumina slag 
is poured off and the melted metal beneath poured out. 
The method is applicable to reducing to metal almost all 
metallic oxides, except those of magnesium, the alkaline 
earths and earths, and has been applied to the more expen- 
sive metals which are ordinarily considered as difficult to 
reduce, such as manganese, chromium, titanium, tungsten, 
molybdenum, vanadium, uranium, boron, etc. In some 
cases the ferro-alloys are made, which are an easier form to 
introduce the metals into steel, melting easier and diffusing 
quicker in the steel. At Krupp’s works, at Essen, many 
such alloys are made for use in armor-plate steel, and a 
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similar class of. alloys is — here in 
probably by the same method. 

[A mixture of 8 ounces of green chromium oxide with 4 
ounces of powdered aluminium was ignited by the lecturer, 
in the manner described. The heat developed in the cruci- 
ble was intense, while yet it was cool enough outside to 
handle, and there was obtained a slag of melted alumina 
containing buttons of melted metallic chromium. The 
theoretical amount of the reducing agent in this case was 
1 pound of aluminium, in powder or granulated form, to 
produce 1 pound of chromium, Granulated aluminium 
costs at present about 40 cents per pound; the powder, $1.25.] 


Stated Meeting, April 25, 1899. 


ELECTROMAGNETIC MECHANISM, with SPECIAL 
REFERENCE to TELEGRAPHIC. WORK. 


By R. A. FESSENDEN. 


INTRODUCTION, 


In designing electromagnetic mechanism, we should 
take as our motto “ cherchez /’erg,” and, having found the 
way the energy is distributed, we should always keep it in 
view. It is on these lines that I have written the present 
paper, and, as we shall see, this method leads to several 
very simple and useful rules, 

As regards the nomenclature used, I have taken the 
units adopted by the American Institute of Electrical Engi- 
neers; 2. ¢., 

P = Webers = number of lines of magnetic induction. 
G = Gilberts = difference of magnetic potential. 
NV = Oersteds = magnetic reluctance, 

the defining equations being 


andG 


where » is the number of magnetizing turns, and / the cur- 
rent in them, all units being in the absolute electromagnetic 
System. 
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Also I have used the terminations -ance or -ion to signify 
the integral of the quantity and the terminations -ivity or 
ibility to signify the intensity of the quantity, or the dif- 
ferential of the quantity with respect to some other quantity, 
thus: 

B = Weberivity = flux per square centimeter. 

H = Gilberivity = drop of magnetic potential per centi- 
meter. 

v = Oerstedivity or reluctivity = specific reluctance. 

= Permeability = reciprocal of reluctivity. 

E = Voltage = difference of electrical potential. 

# = Voltivity = drop of electric potential per centi- 
meter. 

Since, as will be seen, we can treat the subject more 
easily by dividing the flux into two parts, one due to the 
ether, which we will call the extrinsic flux, and the other due 
to the presence of iron or other material, which we will 
call the intrinsic flux, we have the following definitions: 

P, = Intrinsic flux. 

8, Intrinsic flux per square centimeter. 

XN, Intrinsic reluctance. 

vy. Intrinsic reluctivity. 

Q Electrostatic induction = lines of electrostatic flux. 

D Electrostatic inductivity = electrostatic flux per square 
centimeter. 

The upright capitals, Q and P, are used to denote quan- 
tity of electricity and magnetism, respectively. 

It will be noted that I have followed, so far as possible, 
general ‘usage and the recommendations of the American 
Institute of Electrical Engineers. It is extremely unfor- 
tunate that the theoretical men are perpetually making 
what they call “practical units,’ which they for some 
reason or other suppose are of great benefit to practicians. 
Thus, when the meter and gram were established, the system 
taken was the decimal one, and we were cut off finally from 
the very much preferable duodecimal one, whilst, had the 
duodecimal one been taken, it might finally have swamped 
out the decimal system entirely, to our great benefit and 
gain. Then, when the electrical units were fixed, out of 
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pity for the practical men the volt was taken as 10° absolute 
units, the ampére as 10° units, the ohm as 10° units, the 
farad as 10°, and so on, thus introducing endless confusion 
and failing in the very object for which all the trouble was 
made, for at present there is no question but that the volt 
is too small for practical work and 10° units would be better. 
If the volt, ampére and ohm were taken as the absolute 
units, the practical units would be the ampére, begohm and 
begavolt, names just as convenient as ampére, coulomb 
and farad. Itis greatly to be desired that the theoretical 
men should leave off making any more units which they 
fancy will be convenient for practical men, and that they 
will stick to absolute units. 

What the practical man wants is this(and I eal from a 
quite considerable practical experience, and acquaintance 
with other practical men): 

(1) A system in which there are no so-called practical 
units, but all the units are absolute. 

(2) A system of prefixes to denote the power of ten by 
which the absolute unit is multiplied, as suggested by Ken- 
nelly and Houston. Thus, begohm would represent 10° 
units of resistance, and would correspond to our so-called 
practical unit, the present ohm. Begohm is as easy to say 
as coulomb. 

This system would have the immense advantage that it 
would not be confusing by necessitating, as the present 
system does, the introduction of all sorts of coéfficients 
when we change from one class of work to another. It ap- 
pears to the writer to be supremely ridiculous to argue in 
favor of the C. G. S. system because it gets rid of obnox- 
ious coéfficients in changing from, say, gravitational to iner- 
tial problems, and then to go and introduce other unneces- 
sary coéfficients, in a much worse form (since it is easier to 
remember a string of three or four figures than to remem- 
ber whether a thing is to be multiplied by 10°* or 10’ or 
10° or 10° or 10°), 

Again, no units can be practical units, as conditions 
change so much with time and with the kind of work. A 
micro-farad is too large for use in telephone work, where 
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we often specify capacities in terms of tenths or hundredths 
of microfarads. But in power transmission by the single- 
phase system we often deal with capacity effects in alternat- 
ing motors measured by thousands of microfarads. How 
much better it would have been to have chosen the farad 
as the absolute unit and let the telephone engineer speak of 
three hexfarads instead of having first to call it three one- 
hundredths of a microfarad and then to multiply by some 
forsaken coéfficient. Similarly the transmission engineer 
would speak of three trifarads instead of 3,000 microfarads. 

(3) One name, with different prefixes and suffixes for all 
terms connected with each single unit. At present the 
whole system is in the greatest confusion. As an aid toa 
comprehension of the existing state of affairs, the following 
extract from one of the works of a well-known mathemati- 
cian (though not of itself mathematical in character) is 
given: 

“You are sad,’ the Knight said in an anxious tone, “let 
me sing a song to comfort you.” 

“Is it very long?” Alice asked, for she had had a good 
deal of poetry that day. 

“It’s long,” said the Knight, “ but-it’s very, very beauti- 
ful. Every one that hears me sing it—either it brings the 
tears into their eyes, or else—” 

“Or else what?” said Alice, for the Knight made a sud- 
den pause. 

“Or else it doesn't, you know. The name of the son¢ is 
called ‘ Haddock’s Eyes.’” 

“Oh, that’s the name of the song, is it?” Alice asked, 
trying to feel interested. 

“No, you don’t understand,” the Knight said, looking a 
little vexed. ‘“ That is what the name is ca//ed. The name 
really is ‘The Aged, Aged Man.’”’ 

“Then I ought to have said ‘That’s what the song is 
called,’” Alice corrected herself. 

“No, you oughtn’t; that’s quite another thing. The 
song is called ‘Ways and Means;’ but that’s only what it’s 
called, you know.” 

“ Well, what zs the song then?” said Alice, who was by 
this time completely bewildered. 
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“T was coming to that,” the Knight said. “The song 
really is ‘A Sitting on a Gate,’ and the tune’s my own 
invention.” 

The following dialogue, which can hardly be called im- 
aginary, will now be more readily appreciated : 

Electrical Unit Maker.—(Showing one volt cell to man 
who wants to be an electrical engineer) ‘ This cell gives 
exactly one unit of Electromotive Force.” 

Student.—‘* Why.was that name given to the quantity ?” 

E. U. M.—‘I perceive that you misunderstand me; that 
is not its name, it is what it is called. Its real name is the 
Volt.” 

S.—‘I beg your pardon; why is it called by the title 
Electromotive Force?” 

E. U. M.—“ Because it is not a force and has no immediate 
connection with motion, that being determined by its space 
differential.” 

S.— Well, if thatis what it is—” 

E. U. M.—“ Permit me to interrupt you. It ¢sv’t. It 
really zs the unit difference of electrical potential. It is 
defined as the unit difference of electrical potential.” 

S.—‘* Ah, now I understand. You explained potential 
very fully to me yesterday. It is equivalent to electrical 
energy, then, isn’t it?” 

E. U. M.—“ Not at all, not at all; you misconceive me 
entirely. It is true that we generally connect the idea of 
energy with the word potential, but in this case we use it 
in a special way. It really zs only one factor of energy, and 
to get the electrical energy you must multiply it by another 
term, quantity of electricity.” 

You will excuse me for a moment, I am a little 
dazed. As I understand it, then, this unit—” 

E. U. M.—“ You must be very careful. There are three 
units. This is not the real fundamental unit. That is only 
one one hundred millionth of the volt. The volt was chosen 
this size for your especial convenience.” 

S.—“O Lord!” (after a pause) “then this other term which 
I see, magnetomotive force, is that also so called because it 
is not a force and has nothing to do with motion ?” 

E. U. M.—“ Exactly.” 
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S.—* But, from the definition of unit current, it certainly 
seems as if there must be some tendency for a magnet to 
move round a wire carrying a current, in the direction 
of the magnetomotive force.” 

E. U. M.—‘‘ Not atall. That definition was adopted for 
the sake of making the idea more simple; but, as I have, on 
several occasions, noticed that professors of electrical engi- 
neering have published articles in the technical journals in 
which, the magneticlines being represented by vortex rings, 
they have stated that these rings rotated around the axis of 
the wire as well as around the axis of the vortex, it may not 
be so clear as it was originally thought to be.’”* 

' §.—“ And still lam at fault. Surely this unit magnetic 
pole—” 

E. U. M.—* There is no unit pole. True simplicity 
is obtained by defining things in terms of other things 
which cannot exist, calling them by names which are as mis- 
leading as it is possible for them to be, multiplying them by 
all sorts of constants, and stirring the whole thing up with a 
stick. By giving eight or ten names to the same quantity 
and using the same term with different significations in 
different connections} still further advantages are obtained. 
By a judicious extension of these principles and the adop- 
tion of still other practical units it is hoped in time to have 
a system which wo one can understand.” 

I jest with tears in my eyes because I have to teach the 
relations between these units to students. I could get 
through the work in about one-third of the time if it were 
not for the inconveniences of the practical units and the 
names. 

How much better it would be to call a certain quantity 
the voltage, the integral of it the voltance, the intensity of 
it the voltivity, and the absolute unit itself the volt. By 
following this system, 110 volts would then be 11 bega- 


* For a recent instance, since the above was written, see Weidemann’s An- 
nalen, No. 12, 1899. 

+As, magnetic moment of a magnet, and of a magnetic shell, the 
moment of a magnetic shell having to be multiplied by its area to get its 
moment considered as a magnet. 
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volts, and there would be no practical units, and all 
units would be connected by equations without constants. 
Similarly Gilbertage, Gilbertance, Gilbertivity and Gilbert. 
As regards symbols, £ would stand for voltance, F for 
voltivity and & for time rate of change of voltage. 

Is there no hope for a return in 1900 to a rational system 
of absolute units, names and symbols? This would also 
give us achance to get rid of the 42 factor, as suggested by 
Heavyside. 


EQUATIONS OF ENERGY. 


The equations expressing electric and magnetic phe- 

nomena are four in number; 2. ¢., 
OP=AH2/T. (1) 
(2) 
Qu=LT 
Px=M/L (4) 

where Q = quantity of electricity 

P = quantity of magnetism 
x = specific inductive capacity 
= permeability 
M = mass, LZ = length and 7 = time. 


From these we get the following equations: 


= energy (electric) (5) 


7a = energy (magnetic) (6) 


= energy (electro-magnetic). (7) 

To go more into details, we may separate the Z s into ZL, 
L, and ZL, axes, where Z, represents the axis in which the 
electric force acts, Z, that in which the magnetic force acts, 


and /, the axis at right angles to both. We then have: 


(8) 
VoL. CXLIX. No. 894. 30 
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(9) 
(10) 
Q= (11) 
P = L. L, (12) 
(13) 
ML, (14) 
Be li/Tt (15) 
F=L,/1 (16) 
Gm ME (17) 
H=M/L, T? (18) 


We can now find out how the energy is stored up and 
the direction of the faces. 

Take equation (8). 

If we have a condenser with an electric charge on it, we 


get 
Q’ + ( x )= ye bx Ly Lx _UL’, 
2 dist. between plates/ 7? M Eng diy T; 


Or, if we have a condenser of charge Q and a certain capacity, 
the energy stored up in the condenser will be equal to half 
the square of the charge, divided by the capacity, and will be 
given out by motion along the + axis, z.¢., the force is along 
that axis.* 

It will be noted that the capacity of a sphere in 
vacuo is generally given as its radius, or Z,. It is, how- 
ever, the area of the sphere divided by 4 z times the radius, 
orl,l,+47 L,. 


*The factor % comes in by reason of the fact that there is no voltage to 
commence with, and it is when the charging is finished, hence the average 
K 


value is O/2«. 
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When the bodies are very far apart the capacity depends 
very little on the distance, but is proportional to the radius 
of the bodies. Here there is no force resisting a change of 
the distance between the bodies, but the force now comes in 
if we try to change the radius, and hence a soap bubble, as 
is well known, will tend to expand when charged. 

Since electric energy is given by 


the energy per cubic centimeter is given by 

or inserting the proper numerical coéfficient, which, if we 
use the C. G. S. eléctrostatic system, is 


* Since unit quantity = 4 7 lines and the average value of D is | the final 
x 2 


value. 


we get 
D 


8 zx 


(19) 


equals the energy in ergs per cubic centimeter stored up 
in electrostatic field. Since, if we allow the cube to shorten 
up along the +x axis, the energy will vary as the length 
along that axis, this same expression gives the force per 
square centimeter of surface perpendicular to the x axis, or 
the stress per unit area. 

The magnetic formule are similar. From equation (9) 


we get 

+( X area Ml, Ly 

Energy per cubic centimeter and stress per square centi- 

meter equals 
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We may make various permutations and combinations of 
these symbols by substituting values taken from equations 
previously given. Thus, 


dD ik x 
Sz x 8 z Sz 
8 


If we have a piece of glass in an electrostatic field the 
energy per cubic centimeter is, in the space where the glass 
is, D?/8 zx. If the glass be moved 2 centimeters away, 
the energy in the space formerly occupied by the glass is 
now D,*/8z x. In the place where the glass now is the 
energy was formerly D,’/8 zx, and is now D?/8zx. The 
total loss of energy in the space where the glass was at first 
is therefore 


P/8 xx — Di /8 x, 
and the gain at the second place is 
De /8 2x — DE/8 % 

The total change of energy in the field at these points is 
therefore the difference between the loss and gain, and as 
this was caused through a motion over a space of 2 
centimeters, the average force (equals énergy + distance 
moved) is 


/8 z x, /8 zx) — (DZ /8 x— /8 z 


Suppose we have two plates, each 10 square centimeters 
in area’ and I centimeter apart, each plate charged with a 
quantity of electricity QO, the sign of the one quantity 
being + and that of the other—. Then D equals 4z Q// 10, 
and the energy (supposing the lines not to spread but to 
move straight from one plate to the other) per cubic centi- 
meter of the space between the plates (which are supposed 
parallel to one another) is D*/8z-x. If now one of the 
plates be moved back a distance d /, there will now be an 
additional volume of space between the plates of 10 X d/ 
square centimeters. If the charge remains the same, the 
same number of lines pass across each square centimeter of 
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the intervening space as before, and the energy per cubic 
centimeter is the same as before. But there is now a 
volume of 1+ d/ cubic centimeters ‘between each corre- 
sponding square centimeter of area of the plates, and the 
energy has therefore increased by D* d//8 mw x for each 
square centimeter of surface. And this increase is due to 
a motion @/, so the force is D? d1/8 xx -+dil,or 1x, 
per square centimeter of the plates. The total force acting 
to pull the plates together is therefore 10 D*/8 = x. 

Suppose next that the two charged plates are fixed and 
a sheet of glass 1 centimeter thick and 10 square centi- 
meters in area is slid in between them, the charge remain- 
ing constant. The energy in the space between the plates 
was originally, if they were separated by air, 10 D®/8zx,. It 
is now 10 D?;8zx. Since x for glass is greater than z, for 
air (the latter being 1), the energy of the whole system, when 
the glass is between the conducting plates, is less than it 
was previously. Consequently the glass plate will tend to 
slide in of its own accord. If it has to move through a 
space of 5 centimeters to do this, the average force tend- 
ing to move it will be 


10 8 zx, — D*/8 x x) + equals 2 (D* — D*/x) /8 =. 


This amount of energy is withdrawn from the dielectric 
and changed into mechanical energy through the motion 
of the glass plate. If we fasten a string to the glass plate 
it may pull up a weight and so store the energy in the form 
of gravitational energy. If we simply allow the glass plate 
to swing, it takes on a velocity and the energy becomes 
energy of inertia, which gradually fritters itself away, if 
there be friction, into heat. 

As another case, suppose the voltage to be kept constant. 
The original energy per cubic centimeter was D*/8 z,equals 
F D)/&x. The energy after the movement of the plate is 
D? |8 xx=F D,/8 x, for since the voltage has been kept 
constant and x has increased and D=-xF, D must have 
increased to some other value, D,. The difference of energy 
per cubic centimeter is therefore 


F (D,—D)/8 =z. 


i 
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But work has now been done in two ways, first by bring- 
ing fresh electricity on to the plates of the condenser, and 
secondly in the movement of the plate of glass. The former 
amount is equal to F(D, — D)/4 2, for quantity of electricity 
x voltage equals energy, and in this case the quantity is 
brought up to a constant potential and not, as when the 
condenser was first charged, to a potential gradually rising 
from zero to F, and whose average value was therefore 1/2 
F. 

But F (D, — D)/4z is greater than F (D, — D) 8 7z, and 
the difference, F (D, — D)/82z, must have been spent 
on the motion of the glass plate. Since there are 10 cubic 
centimeters, the total so spent will be 10 F (D, — D)/ 87, 
and if the amount of motion is as before 5 centimeters, the 
average force will be 2 F (D, — D)/8 =z. 

Since D = x F, and x = unity in the case of air, this 
formula reduces to 2 (D,* — D*/x) + 8 z, as before. 

We thus see that the force acting to suck in the glass 
plate is the same whether the charge or the voltage is kept 
constant, but that in the former case the energy of the 
whole system is lowered by an amount 10 (DD, — D*/&) 8 2, 
whilst in the latter case it is increased by the same amount. 
It is for this reason that twice that amount had to be spent 
in bringing the additional charge up to the given poten- 


tial. 
[ Zo be continued. } 


BOOK NOTICES. 


The Rise and Development of the Liquefaction of Gases. By Willett L. Har- 
din, Ph.D., Harrison Senior Fellow in Chemistry in the University of 
Pennsylvania. New York : The Macmillan Company. 1899. John Wana- 
maker, Philadelphia. (Price, $1.50.) 

The author has given us in convenient form the important data bearing on 
the history of the subject of the liquefaction of gases, which are scattered 
through the periodical literature of the past thirty years. The scientific 
investigator of the subject and the inventor who is chiefly interested in the 
practical applications of liquefied gases will find Dr. Hardin’s work equally 
serviceable. Ww. 
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Franklin Institute. 


[Proceedings of the stated meeting held Wednesday, May 16, 1900.) 
HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 16, 1900. 
MR. JOHN BIRKINBINE, President, in the chair. 

Present, 375 members and visitors. 

Additions to membership since last report, 158. 

Dr. A. E. Kennelly, Messrs. Carl Hering, Louis E. Levy and W. C. L. Eglin 
were named as delegates to represent the Institute at the various scientific and 
technical congresses to be held in connection with the Paris Exposition. 

Prof. Arthur J. Rowland gave a historical sketch of the various methods 
of incandescent lighting. Mr. George S. Barrows supplemented the remarks 
by Professor Rowland with an account of the latest improvements in the art, 
used by the Welsbach Company, and illustrated the subject by exhibiting 
several improved forms of the Welsbach mantle and burners, and with a series 
of lantern slides, showing the various steps in the manufacture of the Wels- 
bach mantles. 

Mr. Moriz Burger, of New York, gave a description of the Burger and 
Ostergren coil machine for liquefying air, and gave an account of the recent 
researches of Prof. Raoul Pictet in the separation of air into its constituent 
parts, and of the industrial uses of oxygen, nitrogen and carbon dioxide. 
This communication was illustrated by numerous experiments. 

Adjourned. Wma. H. Want, Secretary. 


COMMITTEE on SCIENCE anp THE ARTS. 


[Abstract of proceedings of the — meeting held Wednesday, May 
2, 1900. 
Mr. HENRY R. HEYL in the chair. 

The following reports were adopted : 

National Export Exposition.—Exhibit of the U. S. Geological Survey. 
[Referred by the Bureau of Awards. ] 

Report.—For the reasons set forth in the following report, the sub-com- 
mittee charged with this investigation recommends the grant of the Elliott 
Cresson Medal to the U. S. Geological Survey, viz.: 

ABsTRACT.—‘‘ The large space occupied by the U. S. Geological Survey is 
richly and instructively filled with the products of the industry of this useful 
branch of the Government. 


and a typical series of rocks. 

‘I, The maps are (a@) geographical ; (46) topographical, in contour curves 
or in relief, and (c) geological and statistical, 7. ¢., colored to represent the 
geological structure and the distribution of deposits of economical value. Be- 
sides the above are vertical sections where these seem of advantage to the 
comprehension of the subject. 


‘‘The exhibits of the Survey comprise maps, photographs, publications. © 
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‘* In all these maps the best methods and workmanship of modern cartog- 
raphy have been employed. For the topography, the system of contour 
curves, displayed in the large atlas maps of the Hayden survey, retains in the 
later maps an equal excellence of finish, but represents a greater accuracy of 
field work. 

‘‘There are five specimens of relief maps reproducing (1) the United 
States on a scale of 1 inch to 12 miles horizontally, and to 1°2 miles verti- 
cally, the vertical scale being exaggerated to ten times the horizontal for the 
purpose of better marking the relief; (2) the Atlanta-Chattanooga district ; 
(3) Nebraska ; (4) Tennessee ; (5) Connecticut. These models show the 
perfection to which Prof. J. P. Lesley brought this kind of work in the late 
Second Geological Survey of Pennsylvania. 

‘*A photograph of one of these models, appropriately illuminated, illus- 
trates the device of Professor Lesley for distributing the comprehensive 
knowledge imparted by these instructive plans as widely as the printed pages 
of the reports. 

**In all these maps the accuracy of registration of the several parts upon 
each other, as well as the constancy of the coloring of the different sections, 
are worthy of special attention, because they indicate the successful solution 
of two of the most difficult problems in section map-making. 

‘* A large lithographic press in another part of the building is in active 
operation, under the direction of the U. S. Geological Survey. 

“‘Il, The photographs of the U. S. Geological Survey have long been 
famous. In no other national geological survey have photographic illustra- 
tion been so lavishly and judiciously employed to illustrate the text of the 
technical studies. But beside this purpose, the splendid colored transparencies 
of Mr. J. K. Hiller, presenting in brilliant natural colors the Grand Cajion 
of the Yellowstone Park, and another typical Western view, are in the front 
rank of their branch of the photographic art. 

“III. The publications of the Bulletins and Annual Reports of the Geologi- 
eal Survey, among which are included the statistical record of the mineral 
industry down to the end of the year 1898, exhibit the information given to 
the people since #880. The only criticism to be made is the arbitrary adop- 
tion of this last date, as if it were the commencement of national geological 
work here, though, of course, this choice could be justified by the present 
title of the service. In point of fact, however, the publications which first 
called the attention of the world to the admirable work this country was 
doing in the systematic study of her resources, and which made possible the 
organization of the present, were issued for ten years anterior to 1880. 

Following the example first set in Germany, the Survey has pre- 
pared a series of 150 specimens of typical rocks, whose names recur fre- 
quently in the reports. The value of such collections cannot be over- 
estimated. They make clear the descriptions of complicated geological 
conditions, and put an effective check upon that natural enemy of geological 
science, the petrographic name-maker. 

** In the sense and for the purpose of a demonstration to the public of the 
usefulness and industry of a great public work for which the public pays, this 
exhibit is deserving of the highest praise, and your committee recommends 
the Silver Medal and a diploma, the highest award within its gift. 


June, 1900.] Science and the Arts. 473 


‘It recommends in addition the reference of this exhibit to the Committee 
of Science and the Arts of the Franklin Institute for further investigation, 
with a view to special reward of merit.’’ [Sub-Committee, Theo. D. Rand, 
Chairman; Persifor Frazer. ] 

National Export Exposition.—Laird, Schober & Co.’s Exhibit. Boots 
and Shoes. [Referred by the Bureau of Awards. ] 

ABSTRACT.—For quality of material, beauty of design, expert workman- 
ship and proper proportions of the products of these manufacturers the award 
is made of the Edward Longstreth Medal of Merit. [Sud-Committee, J. 
Ware Jones, Chairman; Howard L. Townsend, Wm. C. Benkert.] 

National Export Exposition.—Exhibit of A. J. Holman & Co. Subject, 
Bibles. 

AnsTRact.—The report of the Investigating Committee, after due re-ex- 
amination of the exhibit of A. J. Holman & Co., of Philadelphia, is sub- 
stantially as follows : 

‘One of these productions, however, merits the special consideration of 
your body, namely, the edition known as the ‘ Linear Parallel Bible.’ This 
work presents the varying passages of the King James and the Revised Ver- 
sion of the Scriptures in a manner at once original and effective. The ver- 
sions are placed in juxtaposition, in close parallel lines, the older rendering 
in the upper and the revised version in the lower line, both printed in a plain 
and clear type combination, which affords the reader at a glance a direct com- 
parison of the two renderings, including all the varie, from changes of the 
text to the minutest detail of the changes in punctuation, many of the latter 
being as important as those of the text. 

‘* For students especially this innovation is of marked value, as the ordi- 
nary method of presenting variations of this character by parallel columns or 
marginal notations is extremely taxing both to the eye and to the mind of 
the investigator. 

‘The mechanical execution of this edition is such as to make it an exam- 
ple of the most advanced art in book-making, 1,000 pages being comprised 
in a thickness of only % of an inch, while with this extreme thinness the 
paper combines the requisite qualities of strength and opacity of texture. 

“In recognition of the originality of design in this work, and of its 
technical excellence, your sub-committee recommends that the Franklin 
Institute award to Messrs. A. J. Holman & Co. the Edward Longstreth 
Medal of Merit.’’ [Sub-Commitiee, Lovis E. Levy, Chairman; John R. 
McFetridge, Stephen Greene, J. L. Shoemaker, F. Oldach. } 

National Export Exposition.—Exhibit of the Pencoyd Iron Works, Pen- 
coyd, Pa. [Referred by the Bureau of Awards. ] 

This report is reserved for publication in full. 

The award of the Elliott Cresson Medal is recommended to the exhibitors 
for remarkable progress exhibited in bridge and other structural engineering. 
[.Sub-Committee, Thos. P. Conard, Chairman; H. F. J. Porter, Joseph Harts- 
horne, Harrison Souder, Jacob Y. McConnell. ] 

National Export Exposition.—Improvements in Filing Cabinets. Wm. 
H. Tucker, Newark, N. J. Report: 

ABSTRACT.—This application has reference to certain improvements in 
Filing Cabinets invented by Wm. H. Tucker, of Newark, N. J., including a 
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support for bill file holder, patented December 18, 1883 (No. 290,497) ; a file 
box, patented on same date (No. 290,498) ; a system of indexes, for use in con- 
nection with appliances for filing documents, patented July 14, 1891 (No. 455,- 
807), and also to certain improvemerts in bill files and card indexes, invented 
by Emil J. Bein, of Newark, N. J., patented July 4, 1899 (No. 627,967), 
and August 14, 1899 (No. 631,772). 

These improvements are embodied in the Letter and Document Files and 
Card Index Cabinets manufactured by the Tucker File Company, of Newark, 
N. J., and formed the subject-matter of an investigation and report by the 
undersigned, acting as a Jury of Awards at the National Export Exposition 
of 1899 (see Appendix). 

To that report, which is hereby specifically confirmed, your sub committee 
takes this occasion to add a consideration of the Index System invented by 
Wm. H. Tucker, which, while quite adapted for use in connection with any 
document file whatever, is given a marked degree of efficiency by the several 
carefully designed devices applied to the Tucker Cabinets, as noted in the 
former report already referred to. These Letter and Document Files, as thus 
completed with a comprehensive index, together with the ingenious! y-con- 
trived card-index cabinets, afford a means and a system of filing documents 
for ready reference and easy access which appears to leave nothing to be 
desired. 

In recognition of the improvements effected in the design and construc- 
tion of Files for Documents, and in the system of indexing the latter, your 
sub-committee recommends the award to William H. Tucker of the Edward 
Longstreth Medal of Merit ; and in recognition of improvements in Letter 
File Clamps and Index-card Holders, your sub-committee recommends the 
award to Emil J. Bein of a Certificate of Merit. [S#+-Committee, Louis E. 
Levy, Chairman ; F. Oldach, J. L. Shoemaker. ] 

As the action of the Bureau of Awards is referred to specifically by the sub- 
committee for information respecting the reasons for its award, the report in 
question is herewith reproduced: 


APPENDIX. 
COPY OF REPORT OF THE JURY OF AWARDS, N. E. E., 1899. 

The exhibit of File Cabinets made by the Tucker File Company, of New- 
ark, N. J., presents a series of novel and highly convenient appliances. 
Notable among these is a clamping device by which the papers filed in the 
receptacles are compressed so as to utilize space to the utmost and to main- 
tain the papers in their original compactness, while at the same time the 
device is so arranged as to permit the contents of the file to be completely 
freed for easy access at any point. The automatic suspension device by 
which the file is held in place for convenient examination is thoroughly 
efficient. The arrangement of a supporting slide for the card index files, and 
the devices for holding and conveniently freeing the index cards, are worthy 
of special commendation. 

The thoroughness with which the details of these File Cabinets have been 
wrought out is fully equalled by the mechanical excellence of their construc- 
tion, and, in view of these aspects of the exhibit, the Committee of Judges 
recommend the award of the Exhibition Silver Medal and Diploma of the 


June, 1g00.] Sections. 475 


Franklin Institute to the exhibitors, and also the reference of these construc- 
tions to the Institute’s Committee on Science and the Arts for due considera- 
tion of that body. 
(Signed) Louis E. Lavy, Chairman. 
JouHN R. McFETRIDGE, 
STEPHEN GREENE, 
FREDERICK OLDACH, 
J. L. SHORMAKER. 


Basin System.—C. Ll. Riker, Newburgh, N. Y. 

ABSTRACT.—This invention consists of a complete washstand with fittings, 
containing many desirable features, being a self-contained fixture with a 
novel application of the siphon single-pipe waste. The report finds that 
the system in respect of design of details, mechanical construction and work- 
manship is worthy of commendation, and awards the Edward Longstreth 
Medal of Merit to the inventor. [Sub-Committee, Frank P. Brown, Chair- 
man ; John E. Eyanson, Wm. Copeland Furber, John Joyce. ] 

Variable-Speed Countershaft.—Milton O. Reeves, Columbus, Ind. 

(Referred back to sub-committee for amendment. ) 

Passed first reading: 

Machine for Tangible Writing for Touch Reading.—Wm. B. Wait, New 
York City. 

National Export Exposition.—The Welsbach System of Lighting. Wels- 
bach Commercial Company, Philadelphia. 

National Export Exposition.—International Incandescent Light Com- 
pany's Lamp. International Incandescent Lamp Company, Philadelphia. 

National Export Exposition.—Improvements in Carriages and Wagons. 
Chas. S. Caffrey Company, Philadelphia. 

Lever and Raich Attachment.—Waterbury Tool Company, Waterbury, 
Conn. 

( These were held over for one month.) 

Method of Obtaining Energy for Automobiles.—John Stolze, Reading, Pa. 

Ww. 


SECTIONS. 


ELECTRICAL SECTION.—Statled Meeting, held Tuesday, April 24th. Prof. 
W. S. Franklin in the chair. 

The paper of the evening was read by Mr. J. Franklin Stevens, of Phila- 
delphia. Subject, ‘‘ Electrical Instruments.”’ 

The paper sketched briefly the development of the art embodiei in the 
manufacture of comntercial indicating instruments, stating the most desirable 
qualities of modern types. The systems most commonly employed were 
each briefly discussed, principle of operation explained and their limitations de- 
scribed. Stress was laid on the fact that there is no type of instrument which 
is absolutely universal, and the general rules for selecting the most desirable 
type for any particular class of measurement were set forth. A number of 
details connected with the manufacture of various types of instruments were 
given and some special types of instruments described in detail. The deriva- 
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tion of fundamental electrical units was dwelt upon and the relations be- 
tween primary and secondary standards described. 
RICHARD L. BINDER, 
Secretary. 


SECTION OF PHOTOGRAPHY AND Microscopy.—Sfated Meeting, held 
Thursday, May 34. Dr. Henry Leffmann in the chair. 

Mr. Lyman F, Kebler gave the Section an account of a series of examina- 
tions he had made of commercial samples of gold chloride in which he had 
discovered a considerable difference in the quality of the various brands on 
the market. He said that, taking an estimated quantity of 100 ounces, the 
difference in actual value between the best and the worst would amount to 
over $150, and that between these two there were all grades of value. 

Dr. Henry Lefimann quoted portions of a paper by William James Russell, 
recently presented to the Royal Institution of Great Britain, relating to pic- 
tures produced in the dark, in which the theory is advanced that the action is 
due to the formation of hydrogen dioxide. 

The meeting was closed by an exhibition of lantern slides of the path of 
the coming eclipse of the sun, and of views of the dam on the Colorado 


River at Austin, Tex. 
F. W. SAWYER, 


Secretary. 


PHYSICAL AND ASTRONOMICAL SECTION.—Sta/ed Meeting, held Friday, 
May 4th. Dr. A. S. Kennelly in the chair. 

The paper of Mr. H. M. Watts, read at the April meeting, on ‘‘ The Proper 
Organization of the Modern State Weather Service,’’ was the special subject 
of the evening. 

Mr. Watts’ remarks were informal. He exhibited two reports, one, that 
of the Maryland State Weather Bureau, and the other our own, which wasan 
unbound pamphlet, very valuable, as far as it went, but not to be compared 
with that of Maryland. The Maryland service had an appropriation of $2,000 
per year for its maintenance, which had been granted with the proviso that 
none of it should be spent for salaries. As a consequence, it had all been 
used upon the publication, which was composed of monographs on meteor- 
ology, physiography and kindred subjects, written by specialists, the collected 
observations of the United States Weather Bureau having been used as data. 
Mr. Watts thought that the adoption of something similar in this State would 
prove of great value, and suggested that the Section take steps to interest 
other institutions of learning throughout the State in the matter, with the 
view of getting an appropriation of, say $3,000, and organizing a bureau 
modeled so far as conditions would admit on that of Maryland. The subject 
was discussed by Messrs. Dey and Townsend. 

On motion of Dr. Wahl, the President was authorized to appoint a com- 
mittee to confer with the various technical institutions throughout the State, 
with a view to carrying out Mr. Watts’ suggestions. 

The President announced as the next subject ‘“‘ The Consideration of the 
Subject of Making Observations and Records of the Total Solar Eclipse of 
May 28th.” 

Dr. Wahl, Mr. Weinrich, Mr. Watts and others took part in the discussion 
which followed. 
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The President stated that the Section, in conjunction with the Section of 
Photography and Microscopy, had arranged to issue the following joint 
bulletin : 

For the benefit of those who may not be familiar with modern methods 
of observing and recording solar eclipses, but who intend to observe the 
eclipse of May 28, 1go0o0, the following suggestions have been prepared, with 
the aid of information contained in a supplement to the American Ephemeris 
(Nautical Almanac) for 1900, as published by the Bureau of Equipment of 
Washington. Additional information has also been obtained personally from 
Professor Doolittle, of the Flower Observatory. 

Amateur observers, and those not provided with elaborate astronomical 
apparatus, may be able to furnish valuable data from their observations in 
the following four ways: 

(1) Sketches of the corona with the naked eye. 

(2) Observations of such moon’s shadow bands as may be observed. 

(3) Observations of the times of contacts. 

(4) Photographs of the corona. 

Useful sketches can be made with the naked eye, ‘but they must be limited 
to outlines or particular features, if satisfactory records are to be obtained. 
Co-operation of several sketchers is advantageous. Sketchers should avoid 
fatiguing the eye by too frequent observations of the eclipse while partial, 
and should refrain from making any observation for the five minutes pre- 
ceding totality. 

The following directions are given for sketching : Upon a sheet of paper, 
say 9 x (2 inches, a black disc 14 inches in diameter is drawn, with a series of 
projecting radii at angles of 30°. The positions of various parts of the corona as 
seen against the sky are best indicated by reference to a vertical line obtained 
by mounting a plumb-line so that it is seen over the moon’s center. The dia- 
gram upon which the drawing is to be made is placed on any convenient 
support, so that the lines marked ‘‘top’’ and ‘‘ bottom’ are in the plane of 
the plumb-line, the top corresponding to the top of the string. The members 
of the sketching corps should do some preliminary practice, each sketching 
a particular quadrant from a drawing of a corona placed at the angular 
height of the sun. The time of practice in drawing should bea little less 
than the actual duration of totality. White chalk on purplish-blue paper 
gives excellent results. 

In regard to the fourth or photographic method, the results of the East 
Indian eclipse expedition in 1898 have shown that valuable photographs may 
be obtained with instruments of moderate dimensions. Among the best 
results on that occasion were those obtained by amateurs, one with a Dall- 
meyer stigmatic lens, and one with a Dallmeyer rapid rectilinear of 2125 inches 
aperture, only the back lens being used, which gave an rename focus of 
32°5 inches. 

Plates of ordinary sensitiveness (which are more convenient than extra- 
ordinarily rapid ones) will require an exposure of from one to two seconds 


(referred to f= 16). The camera should be set by bringing a well-defined 
a 


object, distant about half a mile, into sharp focus at the center of the plate. 
The actual image of the sun will be a small part of the field, for the focal 
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length of the lens in inches will be approximately the diameter of the sun’s 
image in hundredths of an inch. Negatives must not be retouched or other- 
wise altered. Driving apparatus for the camera is not necessary, very good 
results having been obtained with common instruments, but, of course, 
photographs taken with cameras provided with a driving clock or other device 
for keeping the image stationary on the plate are most useful. 

When Equivalent Focus 

Aperture 
is not greater than 5 feet, the blurring of the image in a stationary camera 
during an exposure of } second is only ;4, of an inch ; practically imper- 
cep*ible. 

li is of the highest importance that the camera be rigidly mounted. Plates 
should be so marked as to enable the operator to determine after development 
which was the top of plate as exposed. 

. The total eclipse of the 28th of May commences on the earth at approxi- 
mately 15 minutes past 6 A.M., Eastern time of the seventy-fifth meridian, 
and ends at about 33 minutes past to o’clock a.m. of the same Eastern time. 
During this time the moon’s shadow will have passed nearly half way round 
the northern hemisphere, and the period of totality at any one point in the 
United States is but little over one minute, being about 72 seconds in New 
Orleans and about go seconds near Norfolk, Va. The eclipse which is visible 
in the early morning in the United States is visible in Europe and in Northern 
Africa some two hours later in actual time, and consequently photographs 
of the corona obtained in the United States will be comparable with those 
obtained on the other side of the Atlantic two hours later, which may possibly 
lead to valuable results. The path of totality is central over New Orleans 
about 8 a.M., local time, and passes northeasterly across the United States, 
passing near to Greenville, Ala.; Union Springs, Ala.; Talbot, Ga.; Newberry, 
S. C.; Lancaster, S. C.; Rockingham, Edgecombe, Gatesville, N. C., and 
passes into the Atlantic about seventeen miles south of Norfolk, Va. 
Although this is the central line, totality for a diminished period will be 
visible at any point within about twenty-five miles on either side of this 
line. Near Norfolk the totality will take place about 9 a.m. Eastern tite (8.52 


A.M. ). W. 


or 4 is not greater than 15, and the focal length 


MINING AND METALLURGICAL SECTION.—Slaled Meeting, held Wednes- 
day, May 9th. Mr. Joseph Richards in the chair. 

The meeting was devoted to a continuation of the discussion of the paper 
of Mr. Kreuzpointner, which was left unfinished at the previous meeting. 

The principal speaker was Mr. A. E. Outerbridge, Jr., who proceeded with 
the consideration of the subject in so far as it related to cast iron. 

Mr. Wm. R. Webster and Prof. Henry M. Howe, of Columbia University, 
New York, contributed to the discussion of Mr. Outerbridge’s remarks, and 
the further consideration of the subject was postponed. 

Owing to the lateness of the hour, the paper presented by Mr. B. S. 
Lyman, on ‘‘ Underground Water,” was read by title, and referred to the Com- 
mittee on Publication. 

G. H. CLAMER, 
Secretary. 
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MECHANICAL AND ENGINEERING SECTION.—Slated Meeting, held Thurs- 
day, May ioth. Prof. John F. Rowland, Jr., President, in the chair. 

The paper of the evening was read by Mr James S. Merritt, on ‘‘ Expanded 
Metal, with Incidental Reference to its Applic :tion in Concrete Construction.’ 

The speaker said in substance : 

‘“ Expanded metal has become much more widely used than was originally 
anticipated by the inventor, J. F. Golding, of Chicago. He intended to make 
window screens, trellis work, etc., and called the material ‘ slashed metallic 
screening,’ afterward ‘expanded metal ’ (French, ‘ metal deployé,’ German, 
‘ streckmetal ’).”’ 

The speaker gave a description of the original method of cutting ex- 
panded metal and of the improvement introduced by Mr. Golding, in 1894, 
which permits the use of much heavier steel than formerly. The cutting and 
the opening out of expanded metal are done simultaneously. No steel is 
wasted, as there are no pieces punched out. The finished sheets are from 
three to eight times as large as the original sheets of steel. The process re- 
quires good stock and careful adjustment of the shear blades, which must be 
kept sharp. Numerous other operations, such as annealing, pickling, etc., 
are necessary for a perfect product. 

The principal use of expanded metal at the present day is in fireproof con- 
struction of buildings and as a ‘‘ binder”’ in concrete structures of all kinds. 
The extent of its use is shown by the fact that over 9,000,000 square feet, or 
200 acres of various grades of expanded metal were used in the buildings of 
the Paris Exposition for floors, exterior walls, etc. This is a little greater 
than the area bounded by the Delaware and Schuylkill Rivers, Market and 
Sansom Streets. There is scarcely a prominent building in the United States 
which has been completed during the last ten years that does not contain a 
considerable quantity of expanded metal. Examples: Library of Congress, 
Washington; Carnegie Library, Pittsburgh; Free Library, Boston; City 
Hall, Philadelphia; Masonic Temple, Boston. Many illustrations were 
shown of the details of such work. Expanded metal is used by the Bell 
Telephone Company, of Philadelphia, in a sewer passing through their large 
manhole at Seventeenth and Filbert Streets. By the combination of ex- 
panded metal with concrete in such a way that the steel resists the tensile 
stresses, concrete can be used in many fields from which it has hitherto been 
debarred on account of its low tensile strength. Engineers are using it all 
over the world to reinforce concrete in the construction of bridges, piers, 
sea walls, docks, etc. Expanded metal is also used for many curious pur- 
poses, such as riffles in placer gold mining, brake shoes, bird-cages, door- 
mats, etc. 

DANIEL EPPELSHEIMER, JR., 
Secretary. 


CHEMICAL SEctTrion.—Slated Meeting, held Tuesday, May 15, 1900. Dr. 
W. J. Williams, President, in the chair. 

The paper of the evening was read by Dr. S. P. Sadtler. Subject, “A 
Historical Review of the Subject of Mineral Tanning.’’ 

The speaker gave an interesting address covering the application of alum, 
iron and chrome salts and formaldehyde for tanning skins, and illustrated 
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the subject by the exhibition of a number of specimens of each species of 


tanning. 
(Referred for publication.) 
Wo. E. RIDENOUR, 


Secretary. 


ELECTRICAL SEcTION.—Slated Meeting, held Tuesday, May 22d. Mr. 
Joseph Richards in the chair. Twenty members present. 

The Section voted to change the evening of the stated meeting from the 
fourth Tuesday to the third Thursday of each month, except in July and 
August. 

Mr. C. H. Bedell, of Philadelphia, presented a communication on “ An 
Electrical Revolution Indicator, and the Pfatischer Electrical Steering Gear,”’ 


which was discussed by Professors Hoadley and Stine, and referred for pub- 


lication. Ww. 


CLOSING EXERCISES OF THE SCHOOL OF NAVAL 
ARCHITECTURE. 


The closing exercises of the School of Naval Architecture were held in 
the lecture room of the Institute on Friday evening, May 18th, at 8 o’clock. 

Mr. James Christie presided. 

Brief addresses appropriate to the occasion were made by the chairman ; 
Dr. Wah!, Chairman of the Committee on Instruction, and Mr. Alex. J. Mac- 
lean, Director of the School. 

The Director stated that thirty-eight pupils had been enrolled in the first 
session of the school, and gave an encouraging account of the work of the 
students and of the future prospects of the school. 

The Director of the school made the following report : 

‘‘The Franklin Institute School of Naval Architectzre commenced on 
Friday evening, October 20, 1899, with twelve students, and at each succes- 
sive Friday evening received increments to registration until the maximum 
thirty-eight was reached early in January, 1900. During this term of twenty- 
seven weeks the average attendance has been sixteen. 

‘* The course of instruction in the several branches of naval architecture 
was followed on parallel lines, embracing more than one-half of the synopsis 
issued at commencement. Blue-prints of details of construction of the 
different classes of vessels, both for the naval and mercantile marine, were 
lent to the students, from which they were able to make sketches applicable 
to lectures given. Homework, in the form of calculations similar to those 
described and worked in classroom, was performed by the students, the 
majority of the students showing marked ability.’’ 

Prizes, consisting of cases of draughting instruments and technical books, 
were distributed on behalf of the donors, Messrs. Chas. H. Cramp, Clement A. 
Griscom, Lewis Nixou and the Director of the School. 

The recipients of the prizes were: Fred. A. Coolidge, Wilmington, Del.; 
Henry T. Darlington, West Chester, Pa.; James A. Kelly, Chester, Pa., and 
Wm. H. Balls, Philadelphia. Ww. 


q 
a 
q 
q 


: 


Journal of the Franklin i 


Government 

Railroad BONDS 
Street Railway | 
BOUGHT AND SOLD 


Investment Securities a Specialty 


List of Offerings Sent Upon Application 


FEARON & COMPANY 


BANKERS 
511 Chestnut St., Phila. 


TELEPHONES { 43-78- 


SUPERIOR STEEL CASTINGS 


SMALL SHAPES FROM 3 02. TO 100 LBS. WEIGHT A SPECIALTY 


Manufacturers of Malleable Iron and Cast Iron Fittings, Threaded 
for Gas, Steam, Water and Oil Connections of Wrought Iron Pipe 


STANLEY C. FLAGCC & CO. 


NORTH 19th ST.. PENNSYLVANIA AVE. ADELPHIA. 


220 BROADWAY, NEW YORK. 


Write for circular and card of Table of Decimal 
Equivalents of Fractions of an Inch, and of Millimeters and 
Fractions of Millimeters. 


The Air Brake 
Which has made possible the speed, 
safety and comfort of modern travel 


Over 1,250,000 in use 


Built by 


The Air Brake Co. 


164F PITTSBURG, PA. 


e 
4 
> 
i 
a 
7 
4 
4 
; 
: 
| 
q 
| 
4 


ii Journal of the Franklin Institute—Advertisements. 
INDEX TO ADVERTISERS. 


PROFESSIONAL CARDS, PAGE XVIII. 


Page! Page 
American Gas Furnace Co..............++ vil| Jeffrey Mig. Co., Transmission Ma- 
American Roller Bearing Co, ..........xXX) Chinery, Cte. 
Association of Engineering Societies | Levytype Co., The, Engravers, Phila,,.x11 
Journal .. x Link-Belt Engineering Co., Elevators, 
Baker & Co., Platinum Ware.......... XXXI Conveyors, XXIX 


Barnett, G. & H, Co., File Works, Phila. | Lonergan, J. E. & Co., Oilers, &c.,Phila_.v 
Fourth cover page! nraior’s Cement Xxx 

Baush & Harris Machine Tool Co,,,.m McCaffrey File Co SOB: 
cCa page 


- Bement, Miles & Co..... IV’ Moore & White Co., The, Paper Mak- 
Borgner, Cyrus, Fire Bricks, &c., Phila, x11 ing Machinery..............+0+eeeeees -XIV 
Boyden Premium, The FRANKLIN Morris, I. P., Co., Machinery, ......... XIV 

XI Morse, Williams & Co., Elevators, 
Brill, J. G. Co., Car Works, v 
Burk & McFetridge, Printers, Phila. . 
Chester Steel Castings Co., Phila........ VI Norwalk Iron Works Co., Compressors, V111 
Commercial Printing House............ XXXII Qjsen, Tinius & Co., Testing and 
Cramp, William & Sons’, The, Ship Hydraulic Machinery..........0++++ xv 
and Engine Building Co., Phila.....X11 O49 Gas Engine TV 
Eaton-Glover Co., Engraving 

Flagg, Stanley G, & Co., Steel Cast- 

Reeves, Paul S. & Son, Manganese 
— Rubber Hoseand Packing —_| Rye Manufacturing Co................ xv 


XXVII 
Schutte, L. & Co., Injectors, Phila.......x1n 


Eberhardt, Shapers ............ vil 
Harrison Safety Boiler Works, Heat- Scott Legacy Medal and Premium, 
GOB snccvesscnscesieaaiih Third cover page John, The FRANKLIN INsTI- 
Batteries,............ "Third cover page) Sellers, Wm. & Co., Machinists, 
Hartford Steam Boiler Inspection PRIA, one vi 
and Insurance Company, Hart- Southwark Foundry and Machine Co.....v 
xvi Spon & Chamberlain, Publishers, N. 
Hendey Machine Co., Standard Steel Works, R, R. Tires 
Holophane Glass Co,, Prisms, Glass Stern, Edward & Co,, Printers, Phila...,..x 
Globes and Shades.........s-.+..-+ xxix Stokes & Parrish, Elevators, Phila...... x 
Howson & Howson, Patent Solici- Troemner, Henry, Balances, Phila......xIv 


t Phila. and Washington. 
eaves page United Gas Improvement Co. ...........XVI 


Inter-State Typewriter Co., Westinghouse Air Brake Co., Pitts- 


Please mention this Journal in correspondence with A *vertisers, . 


Journal of the Franklin Institute—A dvertisements. ili 


JEFFREY ELEVATING, CONVEYING, POWER 
TRANSMISSION MACHINERY 


SPECIALLY DESIGNED TO SUIT REQUIREMENTS 


Also manufacture complete line of Coal Mining Machines 
Electric Locomotives, Drills, Dynamos, nerators, 
Electric Pumps, Coal Washing Machinery, Coal Handling Machinery, Chains (Stand- 
ard and Special), Sprocket Wheels, Elevator Buckets, Boots, Bolts, Rubber Belt 
= Coal Crushers, Screens, Columbian Separators, Shafting, Hangers, Pulleys, 
te., Etc. 
THE JEFFREY MANUFACTURING CO. 


COLUMBUS, OHIO, U.S A. 
NEW YORK, 41 DEY ST. Send for Catalogue 


RADIAL 


3 Foot to 14 Foot Arms 


POWERFUL, ACCURATE AND EASILY 
OPERATED 


BAUSH HARRIS MACHINE TOOL 


SPRINGFIELD, MASS., U. S. A. 


1899 CATALOG 


SALES AGENTS 
MANNING, MAXWELL & MOORE, New York, Chicago, 
Pittsburg and Cleveland 
HILL, CLARKE & CO., Boston 


EUROPEAN AGENTS 
SELIG SONNENTHAL & CO., London, E. C. 
E. SONNENTHAL, Jr., Berlin, Germany 


e 
It 
F 
v 
v 
n 
v 
v 
e 
I 
4 
1 
x 
x 
I 
q 


iv Journal of the Franklin Institute—A dvertisements. 


BEMENT, MILES & CO. 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


TOOLS 


FOR RAILROAD SHOPS, LOCOMOTIVE 
AND CAR BUILDERS, MACHINE SHOPS, 
ROLLING MILLS, STEAM FORGES, SHIP 
YARDS, BOILER SHOPS, BRIDGE WORKS, 
ETCc., ETC. 


Steam Hammers, Steam and 
Hydraulic Riveting Machines. 


NEW YORK OFFICE, 
39 CORTLANDT STREET. 


CHICAGO OFFICE, 
1534 MARQUETTE BUILDING. 
POWE GASOLINE 
No Boiler. No Steam. No Engineer. 
Unexcelled for running Elevators, 
[ Wood Tools, Printing Presses, or any 
Y OTTO GASOLINE ENGINES 
Stationary or Portable. 
1 to 250 H. P. 8 to 20 H. P. 
DOWER FROM Ai ARTIFICIAL or PRODUCER PLAS 
according to quality of Gas and size of Engine. 
Producer Gas, one pound of Anthracite Pea per H. P. per hour. 
Send for Catalogue, Prices, etc., describing work to be done. 
THE OTTO GAS ENGINE WORKS, INC., 


7° DIRECT FROM THE TANK. 
kind of Machinery. 
Coal Gas Consumption 15 to 20 cubic feet per H. P. per hour, 
OVER 45,000 SOLD. 83d and Walnut Sts., Philadelphia. 


eC 
he 
im. 
a be 
i” | bow 
4 
ofF i 


Journal of the Franklin inststute—A advertisements. v 


SOUTHWARK FOUNDRY AND (URCHINE COMPANY 


PHILADELPHIA, PA. 
Sole Makers of the 


Porter-Allen Automatic Engine 


A, | Features of this 

SIMPLICITY OF DESIGN 

HIGHEST ECONOMY OF 
STEAM 

CLOSE REGULATION 
OF SPEED 

MINIMUM FLOOR 
SPACE 


Also Builders of 


BLOWING ENGINES 
REVERSING ENGINES 
CENTRIFUGAL PUMPS 
WATER WORKS PUMP. 
ING ENGINES 
WEISS COUNTER- 


Standard Porter-Allen Engine 


Morse Elevator Works. 


MORSE, WILLIAMS & co.» 


and Bullders of 


Electric, Byres Belt and Hand-Power 
Passenger and Freight 


1105 Frankford Ave., one Works: { Frankford A Ave., Wildey 


Square bel. Girard Ave. and Shackamaxon Sts. 


PHILADELPHIA, PA. 


108 Liberty Street, New York. 19 Pearl Street, Boston. 
82 Church Street, New Haven. 4 E. Lexington Street, Baltimore, 


J. E. LONERGAN & CO. 


Wo. 211 RACE STREET, 
—— Manufacturers of —— 


|) Patent Oilers, Lubricators & Pop Safety Valves 


Railroad, Machinists’, Mill Supplies, 
and Brass Castings. 
Catalogue free on application 


4 
Z 4 : rks 
As 
SS 
— 
tb 
Office : | 
at 
q ag 
q 


vi Journal of the Franklin Institute—A dvertisements. 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


— = 
— Riveters 


Injectors 


Stokers 
Turn Tables 
Wheel Presses 


Pulleys 
Shafting 


Testing 
Machines 
Gear Cutters 
Ete., Ete. 


Lathes 
Planers 


Cranes 
Drill Grinders 
Tool Grinders 


Slotters 


Steam Hammers | 
Punches q | 
Shears 

Ete,, Ete, 


— 


HYDRAULIC RIVETER, 132” GAP 


Y 
4 
99 
4 
q 


“The Fuel Gas System of the 


INCLUDES 
Automatic Gas Generators 
Gas Blast Furnaces 


on application to 


Journal of the Franklin Institute—A dvertisements. 


AMERICAN GAS FURNACE 


Automatic Heating Machines 
Positive Pressure Blowers, Etc., Etc. 
And every requisite for a thoroughly effective, Systematic and Economical Use of Heat in all 


kinds of work. Hundreds of first-class factories have it in use. Catalogues and pamphlets 
AMERICAN GAS FURNACE CO., 23 John Street, New York City. 


EBERHARDT'S PATENT 
EXTENSION BASE 


(TRADE-MARK.) 


COVED B EBERHART 


Ws 


OUSLE TRIPLE 
DOUBLE TRIPLE QUICK STROKE 


14 SIZES AND STYLES 


acents{ v. BAIRD MACAY., CO., Pittsb h, Pa. 


Gives 100 r cent. 
MORE STROKES 
PER MINUTE 
than any other 
MACHINE MADE 


Gear Cutters 
Drill Presses 
TOOL AND 
Cutter-Grinders 


HIGH-CLASS 
MachineTools 


_GOULD & EBERHARDT, 


MANNING, MAXWELL & MOORE, New York, N. Y. 
MARSHALL & HUSCHART MACHY. CO., Ch’g'o, Clew’l’'d & Ciu. 


True to Pattern. 


WORKS, CHESTER. PA. 


FROM 1 TO 40,000 POUNDS WEIGHT. 


Of Open Hearth, or Chester Steel, 
Sound, 


Gearing of all Kinds, Crank Shafts, 
Knuckles for Car Couplers. 
Cross-Heads, Rockers, Piston-Heads, etc., for Locomotives. 
Steel Castings of Every Description. 


CHESTER STEEL CASTINGS CO. 


OFFICE, 407 LIBRARY ST., PHILA., PA. 


Solid. 


PATENTED POTENT 
ts 


Viii Journal of the Franklin Institute—Advertisements. 


For special uses we are prepared to build 


GOMPRESSORS 


to deliver air or gas at any pressure that can be governed or 
utilized after leaving the machine. We have built compressors for 


| | | HYDROGEN 
GAS | LATS CARBONIC ACID 
NATURAL GAS SUCPHUROUS 
ACETYLENE | ACID 
CHYMOGENE NITROUS ACID 
OXYGEN And AIR 


Compression can be carried, if desired, to the pein of lique- 
faction when proper cooling is provided. 

Catalogues furnished to business men and engineers upon 
application. 


THE NORWALK IRON WORKS C0. 


SOUTH NORWALK, CONN. 
The Hendey-Norton Lathe Combines 


the Latest and Best Improvements. 

It is a Modern Lathe and has no 
Equal. Its Special Conveniences have 
each a particular Value and Merit. It is 
equally valuable in the Laboratory, the 
Tool Room or General Machine Shop. 

The Automatic Stop, Reverse in 
Apron, and Device for Feeds and Screw 
Cutting make it the most Complete Lathe 


: A LINE OF OUR TOOLS IS ON EXHIBITION AT THE 
In use. PHILADELPHIA BOURSE. 


Tue Henpey Macuine Co., 
Send for Catalogue Torrington, Conn. 


Journal of the Franklin Institute-—A dvertisements. ix 


THE MOST COMPLETE WORK OF ITS KIND 


Published Monthly 


ABSTRACTS 


PHYSICS AND ELECTRICAL ENGINEERING 


SPECIAL NOTICE 


VOL. 3 COMMENCED IN JANUARY, 1900 © 


ANNUAL SUBSCRIPTION, POST-PAID 
INCLUDING ANNUAL INDEX No. (13 PARTS) w= 


The Publishers ret ree to announce that owing to the large circulation 
that has been obtained for this Journal, and with the object of making it more 
vagnalie as a work of reference and of still further increasing the number of 
subscribers, 


THE COMMITTEE OF MANAGEMENT 


have decided to increase the number of subjects from which abstracts are 
made. The new subjects are : 


STEAM PLANTS, GAS ENGINES 
‘ OIL ENGINES 
MOTOR CARS OF ALL KINDS 


They believe that this increase in the scope of the work without any increase 
in price will prove of considerable value to many of our subscribers. 
We can still supply copies of 


Vor. I,—1898, in 13 paper parts 
in handsome half morocco . 


VoL. I1.—1899, in 13 paper parts 
in handsome half morocco ... . 


Send us in your subscriptions AT ONCE and make remittances payable to 


SPON & CHAMBERLAIN 


Sole American Agents 


12 Cortlandt Street NEW YORK, U.S.A. 


OVER 4,000 SUBSCRIBERS ALREADY 


7 
Re 


Xx Journal of the Franklin Institute—Advertisements. 


WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


CATALOGUES, PRIGE-LISTS AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed. 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


EDWARD STERN & CO. 


(INCORPORATED.) 
BOOK, NEWSPAPER AND JOB PRINTERS, 


112 and 114 NORTH TWELFTH STREET, PHILADELPHIA. 


bAMONTA 
wal 
A Mowr, j 


Association of Engineering Societies. 


KANSAS CITY, MONTANA, DENVER, VIRGINIA, 
PACIFIC COAST. - 


MONTHLY JOURNAL. 


SUBSCRIPTION, $3.00 PER ANNUM, 30 CENTS PER COPY. 
Joun C. TRAUTWINE, JR., Secretary, 257 S, FouRTH St., PHILADELPHIA. 


BOSTON, CLEVELAND, ST. LOUIS, ST. PAUL, MINNEAPOLIS, 


Journal of the Franklin Institute—A dvertisements. xi 


The Boyden Premium 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FRranx.in Lystrrotrs the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and ' 
other physical rays, are or are not trans- 

mitted with the same velocity.”* 


The following conditions have been established for the award of this Premium : 
1. Any resiient of North America, or of the West India Islands, may be a com- 
petitor for the Premium; the southern boundary of Mexico being considered as the 
southern limit cf North America. ; 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results: 
and all memoirs received by him before the first day of January, one thousand nine 
hundred and one will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INSTITUTE shall, before the first day of 
January, one thousand nine hundred and one, select three citizens of the United States 
of competent scientific ability, to whom the memoir shall be referred; and the 
said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INsTITUTE shall decide whether the Premium shall be 
awarded as recommended by the Judges. 

4. Every memoir shall be anonymous, but shall contain some motto or sign by whic) 
it can be recognized and designated, and shall be accompanied by a sealed envelope 
endorsed on the outside with some motto or sign, and containing the name and ad. 
dress of the author of the memoir. It shall be the duty of the Secretary of the Franx 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the InstiruTEe. The sealed envelopes accom- 
panying unsuccessful memoirs, will be destroyed unopened, in the presence of the 
Bor rd of Managers. 

Should the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INSTITUTE, and shall be published as it may direct. 


* The problem has been more specifically defined by the Board of Managers, as 
follows :— 

“ Whether or not all rays in the spectrum known at the time the offer was made, 
namely, March 23, 1859, and comprised between the lowest frequency known thermal 
rays in the infra-red, and the highest frequency known rays in the ultra-violet, which 
in the opinion of the Committee lie between the approximate frequencies of 2 x 1014 
double vibrations per second in the infra-red, and & x 1')14 in the ultra-violet, travel 
through free space with the same velocity,” 


‘ 
4 
4% 
4 
j 
43 


xii Journal of the Franklin Institute—A dvertisements. 


THE 
STANDARD 


STEEL WORKS. 


Locomotive and Car 
Wheel Tires 


PHILADELPHIA, PA. 
METAL PLATE ENGRAVINGS 


OR 


Scientific, Artistic and Commercial Illustration, 


EXECUTED FROM 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


LAV OO. 
7th and Chestnut Sts., Philadelphia. 


J. G. Brill Company 


PHILADELPHIA, U.S. A. 
17 VICTORIA ST., S. W., LONDON, ENGLAND 


BUILD ELECTRIC CARS AND TRUCKS OF ALL KINDS 


Trucks for Every Service 
Electric Locomotives, Industrial and High Speed 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building Co. 


PHILADELPHIA. 


ANDA 
= 
= 
Net 
= 


Journal of the Franklin Institute—A dvertisements. xiii 


PASSENGER AND FREIGHT 


FOR HOTELS AND BUSINESS HOUSES 


HYDRAULIC AND STEAM-POWER. 


Hoisting Machinery for Iron Furnaces, Mines, Inclined Planes, 
PORTABLE HOISTS, AND ALL EINDS OF HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BUILDING, PHILADELPHIA. 
New York Office, 18 Cortlandt St. Works, 30th & Chestnut Sts., Philadelphia. 


UNIVERSAL 2OUBLE TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
No adjustment required for varying steam pressure, 

Operated entirely by one handle. 

Will take hot water 

up to 150 deg. Fahr. 


Send for Catalogues 
ae of Blowers and Ven- 
ia tilators and Air Com- 

pressors 
and Ex« 
hausters 
for all 
purpos- 
es, 


Siphon Pumps for 


Low. 
Exhaust Steam Induction Condensers 
q for all kinds of Steam-Engines. 


L. SCHUTTE & CO., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 


CYRUS BORGNER, successor to 


water : 
~ 4 
Send for Gy 
SCHUTTERCO. PHILADA 
logue. 
— Ke) j 
— 


4 


Xiv Journal of the Franklin Institute—A dvertisements. 


™ MOORE & WHITE CO. 


PHILADELPHIA, PA., U. S. A. 


BUILDERS OF 
PAPER-MAKING MACHINERY 
FRICTION CLUTCH PULLEYS 
CUT-OFF COUPLINGS, ETC. 


Established 1828. Incorporated 1876. 


I.P. MORRIS CO. 
Port Richmond Iron Works. 


PHILADELPHIA, 


MANUFACTURERS OF 


Machinery, Boilers and Tanks. 
Heavy Machinery a Specialty. 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia. 


MANUFACTURER OF 
z=. Assay Balances, 
Analytical Balances, 
Chemical Balacies Fine Weights, &c., &c. 


4@-Price List on Application.-“@s 


Journal of the Franklin Institute—A dvertisements. xv 
THE. 


GREAT PARIS EXPOSITION 
OF 
1900 
A Series of Twenty-four Tours under Special Escort, the Parties Leaving New 
York and Boston and Returning Thereto by the Large and Mag- 


nificent Boats of the North German Lloyd and 
Dominion Steamship Lines 


Two Weeks in Paris, with Twenty Admissions to the Exposition, and Over a 
Week in London at the Palatial Hotel Russell 


Owing to the unusual demand for steamship accommodations for the Paris 
Exposition, the necessity of early registration is apparent 


Raymond & Whitcomb 
1005 Chestnut St., Philadelphia, Pa. 


Or E. P. COWELL, Franklin Institute Building 


TESTING MACHINES 


HYDRAULIC PRESSES. 


We are always prepared to make tests 
of all kinds. 


TINIUS OLSEN & CO. 


500 NORTH TWELFTH STREET, PHILADELPHIA, PA. 


WASHING AND TESTING BOILERS WITH HOT WATER. 
INJECTORS AND JET APPARATUS, | 
Rue M’fg Co., Philadelphia, Pa. 


li 
> 
? 
q 


xvi Journal of the Franklin Institute—Advertisements. 


Charter Per- 
petual 


Incorporated 
1866 


Issues Policies of Insurance after a Careful Inspection of the Boilers 


COVERING ALL LOSS OR DAMAGE TO 


BOILERS, BUILDINGS AND MACHINERY, 


AND DAMAGE RESULTING FROM 


LOSS OF LIFE AND PERSONAL INJURIES 


CAUSED BY 


Steam Boiler Explosions 


Full information concerning the pian of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, HARTFORD, CONN. 


OR AT ANY AGENCY. 


J. M. ALLEN, President ~~ W. B. FRANKLIN, Vice-President 

J, B. PIERCE, Secretary ‘FRANCIS B. ALLEN, 2d Vice-President 

L. F. MIDDLEBROOK, Asst. Secretary L. B. BRAINERD, Treasurer 
BOARD OF DIRECTORS. 

J. M. ALLEN, President. 


FRANK W. CHENEY, Treas. Cheney Brothers| Hon. NATHANIEL SHIPMAN, Judge, U. 5 
Silk Manufacturing Co. Cireuit Court 


CHARLES M. BEACH, of Beach & Co. | C. C. KIMBALL, Pres. Smyth Mfg. Co., Hart- 

DANIEL PHILLIPS, of Adams Express Co. ford, Conn. 

RICHARD W. H, JARVIS, Pres. Colt’s Fire; PHILIP CORBIN, of P. & F. Corbin, New 
Arms Manufacturing Co. Britain, Conn. 

LEVERETT BRAINARD, of the Case, Lock-| GEORGE A. FAIRFIELD, President Hartford 
wood & Brainard Co. ; Machine Screw Co. 

Gen. WM. B. FRANKLIN, late U. S. Com-/|J. B. PIERCE, Secretary Hartford Steam Boiler 


missioner to the Paris Exposition Inspection and Insurance Co. 

Hon. FRANCIS B. COOLEY, of the National; ATWOOD COLLINS, Pres. Security Company, 
Exchange Bank, Hartford, Conn. } Hartford, Conn. 

GEORGE BURNHAM, Baldwin Locomotive: LUCIUS F. ROBINSON, Hartford, Conn. 
Works, Philadelphia. 


GENERAL AGENTS. OFFICES. 
THEO. H. BABCOCK, New York City, Office, 160 Broadway. 
CORBIN & GOODRICH, t. 
timore, Md.. ‘ham ber Commerce. 
LAWFORD & McKIM, { mom, n, D.C 8t., N. W. 
f ton, Mass., ° 125 Milk Bt. 
C. E. ROBERTS, i Providence, R, L., 29 Weybosset St. 
H. M. LEMON, Chicago, I11., 169 Jackson Street. 
C..C. GARDINER, St. Louis, Mo., ¢ 319 N. Fourth Street. 
8. R. BENJAMIN, Hartford, Conn., 7 650 Main Street, 
W. G. LINEBURGH & SON Bridgeport, Conn., ee 1 Sanford B’l’g 
BURWELL & BRIGGS, “leveland, Ohio, 208 Superior Street. 
JAMES W. ARROTT, Lp. Pittsburgh, Pa., “401 Wood Street. 
MANN & WILSON, San Francisco, Cal., 4 306 Sansome Street. 
THOS. F. DALY, Denver, Col., Ernest-Cranmer Bldg 
W. 8. HASTIE & SON Charleston, 8. C. a4 44 Broad Street 


LOUIS V. CLARK & CO, Birmingham, Ala. * 2021 First Ave. 
PETER F. PESCUD New Orleans, La. * 818 Gravier Street. 


yp) 
CON 
conn. 
N AND INSEA 


er- 


Journal of the Franklin Institute—Advertisements, xvii 


United Gas Improvement 


Broad and Arch Streets 


PHILADELPHIA. 


OFFIOERS ; 


THOMAS DOLAN, President. 
GEORGE PHILLER, Ist Vice-President. 
SAM’L T. BODINE, 2d Vice-President and Gen’] Manager. 
RANDAL MORGAN, 3d Vice-President. 
EDWARD C. LEE, Sec’y and Treasurer. 
WALTON CLARK, Gen’l Sup’t. 


LEWIS LILLIE, Comptroller. 
DIREOTORS: 
GEORGE PHILLER, P. A. B. WIDENER. 
W. W. GIBBS, C, A. GRISCOM, 
W. L. ELKINS, 8. T. BODINE, 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 


Y, 

N. 
dent 
U. 5 
Hart- 
New 
rtford 
Boiler 
pany, 
et. 
nerce. 
N.W. 
t. 
eet. 
street. 
5 
reet, 
Bldg 
t 
reet. 

1A 


XViii 


Journai of the Franklin [nstitute- dvertisements. 


FRED'K A. GENTH, JR., 


CONSULTING AND ANALYTICAL CHEMIST, 
103 N. FRONT ST., PHILA., PA. 


H. G. SCHRAMM, M.E., 
Designing of Special Machinery, 
602 N. 2d Street, CAMDEN, N. J. 


ARTHUR BEARDSLEY, 
M. Am. Soc. C. E, M. A.8. M. B. 


Consulting Engineer, 


SWARTHMORE, PA. 


COLEMAN SELLERS, E.D., 


M. Inst. C. E., M. Inst, M. E., M. Am. Soe. 0. E., &e. 


CONSULTING ENGINEER, 


OFFICE 
Stephen Girard Building, Philadelphia 


SAMUEL P. SADTLER, Ph.D. 


(Late Professor of Organic and Industrial _hemistry in the 
Iniversity of Pennsylvania) 


Consulting Chemical Expert 
IN ALL BRANCHES OF CHEMISTRY AS APPLIED 
TO THE ARTS AND MANUFACTURES 

Chemical Studies of New }trocesses and Technical 
Products; Reports made in connection with Patent Appli- 
and Testimony Prepared in Chemical Patent 

uits. 

1042 Drexel Huilding, Philadelphia 


R. H. THURSTON, 


CONSULTING MECHANICAL ENGINEER 
AND EXPERT, 
ITHAOA, N. Y. 


L. F. RONDINELLA, M. E. 


CONSULTING ENGINEER, 


728 STEPHEN GIRARD BUILDING, 
Twelfth Street, above Chestnut, PHILA. 


Procured for In- 
ventions and De- 


PRACTICE ONLY. 
Signs. Trade- 
Marks Registered. 


PATENTS 


ed, Patent Causes, Examinations, Searches, 

ete. Call or send for Book of Instructions. 
WIEDERSHEIM & PAIRBANKS 

io A. Wiedersheim No. 919 Chestnut St. 


m. Caner Wiedersheim 


E. Hayward Fairbanks PHILADELPHIA 
SAMUEL SARTAIN J. WILLARD GAMBLE, Mechanical Draftsman. 
Complete and accurate working drawings made 


Engraver on Steel; Portraits, Etc. 
212 N. 19th St., Philadelphia 


of Steam and Hydraulic Appliances, Etc. 
328 BOURSE BUILDING, PHILADA. 


MILLIZAM Cc. GATZMBER, 
Civil and Mechanical Engineering, 
Marine Architecture, 


182 S. Delaware Ave., and Tacony, Philadelphia. 


Space like this on this page, $6.00 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 


Space like this on this page, $12 
per year, payable on receipt of copy 
of Journai containing first insertion 
of adver. 
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THE JOHN SCOTT 
Leqacy Hrentinny, 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shall merit the same. The examination of the inventions submitted for 


the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the FranKLIN InstrTUTs, and the InstrTUTE, under 


the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 
award all meritorious inventions. 


Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE. 


from whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 
The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, cr evidence of want of originality of the inven- 
tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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Hall of the Institute. 


JuNE, 1900 
Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
Elliott Cressen Medal 


PENCOYD IRON WORKS, 


Pencoyd, Pa., for 


“IMPROVEMENTS IN BRIDGE CONSTRUCTION.” 


Any objection to the above award should be commu- 
aicated. within three months of the date of this notice to the 
Secretary of the FrANKuIN InstiTuTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


May,’ 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter ‘stated, the 


award of 
The 
John Scott Legacy Medal and Premium 


GEORGE A. LOWRY 


of Chicago, Ills., for his 


“IMPROVED PRESS FOR COTTON, WOOL, ETC.” 


u- Any objection to the above award should be commu- 
he nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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of the Institute. 


May, 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 


The 
Elliott Cresson Medal 


TO 


AMERICAN COTTON CO., 


of New York, for their 


“ROUND-LAP BALE SYSTEM.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


APRIL, 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 


The 
John Scott Legacy Medal and Premium 


TO 


NEVIL MONROE HOPKINS, 


of Washington, D. C., for his 


« PNEUMATIC SYSTEM FOR PREVENTING THE BURST- 
ING OF WATER-PIPES BY FREEZING.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstiITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


APRIL, 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 


mended, subject to proper objection as hereinafter stated, the 


award of 
The 
Elliott Cresson Medal 
W. O. ATWATER 
E. B. ROSA, 


of Middletown, Conn., for their 


“RESPIRATION CALORIMETER.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 


Secretary of the FRANKLIN INstITUTE, Philadelphia. 
WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


May, 1900, 


Notice is hereby given that the FRanKLin INsTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
John Scott Legacy Medal and Premium 


MAGNUS SWENSON, 


of Chicago, Ills., for his 
“IMPROVED COTTON PRESS.” 


Any objection to the above award should be commu- 
- nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


JUNE, 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
‘mended, subject to proper objection as hereinafter stated, the 


award. of 


The 
Elliott Cresson Medal 


TO 


U. S. GEOLOGICAL SURVEY, 


Washington, D, C., for 


“EXCELLENCE OF METHODS OF DEMONSTRATION 
AND INSTRUCTION.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstTITUTE, Philadelphia. 

WILLIAM H. WAHL, Secretary. 
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GLASGOW IRON COMPANY 


603-607 HARRISON BUILDING 
PHILADELPHIA 


WORKS AT POTTSTOWN, PA. 


Manufacturers of Iron and Steel Boiler Plate for Marine 
Work, Locomotives, Steam Boilers of all kinds; Tank, Ship and 
Bridge Plates, both Sheared and Universal. 

Flanged and Dished Steel Heads for Boilers, Tanks, etc. 

The Roe Pressed Steel Manhead, the best in existence. 
No hole in this head. Be sure to specify it in ordering your 
Boilers. 

The Roe Pressed Steel Boiler Lug. The strongest and by 
all odds the best made. 

Pressed Steel Pipe Flanges, Flue Holes and Hand Holes. 
Saddles to fit all diameters of Boilers. 
Pressed Steel Buckled Plates for Bridges, Floors, etc. 
Skelp Iron. Steel Skelp, Sheared and Universal. 
Muck Bars of various widths, made only from standard 


grades of Pig Iron. 


The Jury of Award of the late National Export Exposition 
awarded us the Silver Medal and Diploma. 


ADDRESS 
GLASGOW IRON CO. 


POTTSTOWN, PA. 
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Founded by E. LITTELL in 1844. 


“Made up of every creature’s best.” 


A Weekly Magazine of Contemporary Literature and Thought. 


Published 


- Every Saturday 


and giving about 


3500 pages a year 
of the 


World’s 
Best Literature 


including 
Science and Art 


Biography 

Politics 

Discovery 

Public Affairs 
Literary Criticism 
Fiction and Poetry 


Popular, yet of 
Permanent 
Value 


Indispensable to the 
Intelligent Reader 


As Heretofore 
THE LIVING AGE will continue to supply its 


readers with the Choicest of the Best, the 
Most Valpable Thought of the time. 


Each Weekly Number 


Contains sixty-four pages, in which are given, 
without abridgment, the most interesting and 
important contributions to the periodicals of 
Great Britain and the Continent, from the 
weighty articles in the quarterlies to the light 
literary and social essays of the weeklies. 


All Departments 
of knowledge and discussion which interest 
intelligent readers, with fiction and poetry, 
are represented in its pages. 


Original Translations 


of striking articles from Continental sources 
are made expressly for the magazine by its 
own staff of translators. 


A Short Story 
and an instalment of a serial story appear in 
each issue. 

A Monthly Supplement 


presents readings from the most important 
new books, editorial notes on books and 
authors, and a list of the books of the month. 


Published Weekly at $6.00 a year. Single Numbers, 15 ots. 


— READ THIS— 


In order to introduce THE LIVING AGE to the readers of the Journal of the 
Franklin Institute not now on its subscription lists, the publishers will send the 
two magazines, each one Fears post d, for $8.75. This offer is good only to 


absolutely New Subscribers to 


ving Age. 


Address THE LIVING AGE CO., P. 0. Box 5206, Boston, Mass. 
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LINK-BELT 
Elevators Conveyors 


POWER TRANSMISSIONS 


‘‘ Modern Methods ”’ catalogue illustrates and describes machinery 
for handling 


Coal, Ashes, Stone, Fertilizers, 
Cement, Grains, Barrels, Boxes 
ANY MATERIAL IN BULK OR PACKAGE 
Copy mailed on request 


LINK-BELT ENGINEERING CO. 


NICETOWN, PHILA, 49 DEY ST., N. Y. CITY 


HOLOPHANE GLASS CO. 


MANUFACTURERS OF 


Prism Glass 


For diffusing and directing all kinds of 
artificial light. Awarded the John Scott 
Legacy Medal by the Franklin Institute. 


Send for “LIGHT vs. ILLUMINATION” and Catalogues 


No. 1 BROADWAY, NEW YORK, N. Y. 
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AMERICAN ROLLER BEARING 
COMPANY 


Isthk BEST AXLE BEARING 


wv” FOR ALL KINDS OF VEHICLES 
BOTH HEAVY AND LIGHT 


NO BALLS TO CRUSH # NO CAGES TO 
WEAR OUT # NEEDS NO ATTENTION 


it combines an AMPLE ROLLING SURFACE 
WITH A PURELY. ROLLING ACTION 
For DURABILITY, ECONOMY OF POWER 
AND SIMPLICITY OF MECHANISM 


IT IS UNEQUALLED 


STANDARD SIZES are MANUFACTURED® 
for BICYCLES, RUNABOUTS, CARRIAGES, 
WAGONS, TRUCKS & MOTOR VEHICLES 


The FOREIGN PATENTS ARE FOR SALE 
For FURTHER INFORMATION SEND TO 


OFFICE: 27 STATE STREET, 
LONG DISTANCE TELEPHONE, 2363-4 BOSTON ’ MASS. 


Factory: 32 to 40 Binford Street, TELEPHONE, 3648-3 


Why try to stick 
7 = things with some- 
thing that doesn’t 
stick? Buy MAJOR’S 
CEMENT: you know 
it sticks. Nothing 
breaks away from it. 
SS Stick to MAJOR’S 
CEMENT. Buy once. 
you will buy for- 
ever. There’ is 
nothing as good; 
don’t believe the 
substituter. 


LY, 
MAJOR’S RUBBER and WMAJOR’S LEATHER. 
Two separate cements—the best. Insist on having them. 
ESTABLISHED 1876. 
15 and 25 cents per bottle at all druggists. 


MAJOR CEMENT CO., - NEW YORK CITY 
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PLATINUM WARE 


Platinum Srill (faure-Kessler type) for Concentrating Sulphuric Acid. 


We manufacture all forms and sizes of platinum ware for chemical and laboratory purposes, 
and are equipped to repair platinum apparatus, crucibles, dishes, etc., at shortest notice. 


BAKER & COMPANY, 


NEWARK, N. J. N. Y. OFFICE, 120 LIBERTY ST. 


SEND FOR SEVENTH EDITION OF PHAMPHLET, “DATA CONCERNING PLATINUM, ETC."* 


PAUL S. REEVES & SON, 


PHILADELPHIA. 
NGANESE BRONZE, 
“PHOSPHOR BRONZE, 
AND BABBITT METALS. 


and Phosphor Bronze 
‘om Yalb.to 10000 ibs. in weight. 
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Engraving Machines 


AT THE 


National Export Exposition, Philadelphia 


THE 


EATON-ENGLE ENGRAVING MACHINES 


received the highest award, viz., Silver Medal and Diploma of the Franklin 
Institute. At the Greater America Exposition, Omaha, Neb., our machine 
carried off all the honors, namely a Gold Medal and Diploma. 

WE MAKE MACHINES FOR ALL KINDS OF ENGRAV- 
ING. If you are now doing some kind of work by the slow and expensive 
methods of hand labor, let us figure on building a machine for you which 
will do the work more accurately and at a fraction of the cost. If you send 
us a sample of the work you wish to do, we will be able to figure more intel- 
ligently and promptly. 

We make it a point to give all correspondence our careful attention. 


The Eaton-Glover Company 
87 NASSAU STREET, NEW YORK 


THIS SPACE RESERVED 
FOR 


COMMERGIAL PRINTING HeusE 


D. W. GLASS, Pres’t 


HOWARD AND BALTIMORE STS. 
BALTIMORE, MD. 


NORRISTOWN TIN PLATE CO. 
THE BEST TERNES MADE 


Awarded Silver Medal and Diploma at the National Export Exposition 


Coating absolutely evenly distributed 


SHEETS UNIFORM IN THICKNESS AT ALL POINTS 
Perfectly Dead-Flat Smooth Surface 


NORRISTOWN, PA. 


